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INTRODUCTION. 


The term maxillo-palate has been introduced here to include as a single structural 
unit all the bones which contribute to the formation of the upper jaw, palate, false 
palate, and the bony roof of the mouth where that extends beyond the palatal bones. 
None of the terms in general use includes all these bones. The one suggested has the 
merit of relative brevity, of freedom from prior use and acceptance in any more restricted 
sense, and of freedom from ambiguity. 

It is believed that we can hope to understand the evolution of the bones in any part 
of the maxillo-palate only if and when the mechanics, as well as the morphology, 
embryology and phylogeny of the structure as a whole and in part, are studied. 

It is believed that if homologies are to be established in the presence of changes in 
form, mode of development, and/or function of bones, and are to be properly understood 
and interpreted, some reason for the change should be discoverable, in essentially the 
same way as a mechanical explanation is usually available for phylogenetic changes in 
direction, form and function of muscle fibres. 

Whilst the basic concept of homology is homogeny (community of phylogenetic 
origin), it may be stated generally that those homologies which have been, and can be, 
accepted unreservedly are, for the most part, those in which the congruence of the 
mechanical factors and the morphological or embryological changes are self-evident or 
demonstrable. 

As an example in illustration: In a quite general sense there has been a unanimity 
of opinion that bones which develop as cartilage bones are unlikely to be homologous 
with bones which develop as membrane bones. Yet the complete homology of the supra- 
occipital bone throughout the Vertebrata has never been questioned, although in some 
forms it develops as a membrane bone, in others as a cartilage bone. The evidence 
against the homology of the bones presented by the changed embryological history is far 
outweighed by the evidence in favour of the homology presented by the constancy of 
the topographical relations to other structures. But underlying this conclusion, there 
has always been, whether realized or not, the complete reasonableness of the conclusion. 
In view of the obvious stasis of all the mechanical factors, no other interpretation could 
be put upon the presence of the bone than to assume that it was the same bone with a 
changed ontogeny. 

There is one outstanding example of a general agreement to regard as homologous 
bones which are completely dissimilar, and this in the absence of any reason in 
explanation of the change. The reference here is to Gaupp’s theory of the inclusion of a 
cavum epiptericum in the therian cranial cavity, and the homology of the processus 
ascendens quadrati with the alisphenoid bone in the therian skull. 

This is a particularly interesting example, because, since the theory was first 
propounded, a great deal of evidence directly opposed to the theory has come to light, 
and all this evidence has been interpreted on the assumption that the theory was 
completely proven. 

Edgeworth’s comment: “The theory that the ala temporalis, an upgrowth of a 
lateral process of the chondrocranium, is homologous with an upgrowth of the palato- 
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quadrate, which is an entirely different structure, may be acceptable to some, but for 
me is a too difficult an exercise in belief” (1935, p. 69), probably fairly presents the 
mental attitude of every student who has attempted to discover any reason why the 
profound changes postulated should have come about, for none is discoverable. 

In the attempt to visualize the evolution of the vertebrate palate which follows, the 
effect of mechanical factors, evident, probable, or possible, have been constantly kept in 
mind. 

In short, an attempt has been made to explain why, as well as morphologically 
and/or embryologically how, the changes observed or postulated have come about. 

After some hesitation, the series of short descriptions and the illustrations have 
been given as Part ii. Much of the information will be familiar to many readers. It 
has been given as a ready reference to refresh the memory of each reader in the facts 
he may not remember clearly. 


THESIS. 


It is thought that the various types of arrangement of the bones in the maxillo- 
palates of the vertebrate groups can be most reasonably explained on the following 
assumptions, all of which are supported by, and shed light upon, the facts observable: 

1. The number of bones on the palato-quadrate arch was determined in an 
elasmobranchian ancestor.* 

2. This number of bones is present in all the early maxillo-palates. 

3. The palato-quadrate arch became attached in front on each side of the ethmoid 
cartilage. 

4. The premaxillae and maxillae, already present on the palato-pterygoid, became 
fused with dermal ossicles and acquired a new relation to the ethmoid 
cartilage. The persistence of the two bones thus formed, throughout the 
whole of the later changes, was largely conditioned by the unchanging nature 
of the function they were called upon to discharge. 

5. The bony fish maxillo-palate was not further modified in the manner of its 
attachment to the skull. It remained slung behind by the hyomandibular 
cartilage or bone, and was articulated, not rigidly attached, in front, to permit 
of respiratory movements. 

6. The maxillo-palate of the tetrapods became rigidly fixed both in front and 
behind, the hyomandibular suspension giving place to a rigid attachment by 
the quadrate. As a result, the whole maxillo-palate was drawn up flush with 
the base of the skull and the parasphenoid came to function as the posterior 
part of the bony roof of the mouth. The typical amphibian maxillo-palate 
was evolved in this manner. i 

7. The parasphenoid bone became fragmented in some forms and was replaced 
by two symmetrical bones developed from the stroma of the parent bone. The 
reason for this fragmentation is not apparent, but the morphological evidence 
appears fairly strong. This fragmentation of the parasphenoid resulted in 
the formation of the saurian pterygoid bones and the evolution of the saurian 
and ultimately the therian maxillo-palate. 


Part I. 
DISCUSSION. 


Introduction. 


This work was commenced as a study of the phylogeny of the bones in the therian 
palate, but it very early became apparent that sufficient evidence was not available for 
such a study. Almost at the outset it was found that it would be necessary to decide, 
in respect of every palate regarded as a possible precursor to another, whether the 


* The evidence in support of this is slight but exceedingly significant. The number of 
bones in question is present on the palato-quadrate of Acipenser. This leads to the belief that 
a careful study of the bones in the maxillo-palate of fossil Chondrostei may be expected to 
reveal, not only intermediate stages in the conversion of the free elasmobranchian suspension 
to the anteriorly attached suspension, but also that the same number of bones were present in 
the maxillo-palate. 
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arrangement of the bones and/or their degree of development was primitive, degenerate, 
or specialized. Clearly it is such only as are primitive, actually or relatively, that may 
be regarded as early, or earlier than others, and, therefore, as presenting a phylogenetic 
stage in the evolution of the vertebrate palate. 

Untortunately, every such decision would be merely an expression of opinion; there 
is really no factual evidence on which decisions may be based. 

On the other hand, it is possible to arrive at satisfactory conclusions relative to the 
probable homology of the bones in the various palates without determining whether the 
palates being studied are primitive, degenerate, specialized, or advanced. Obviously, if 
primitive, the arrangement and degree of development of the bones may be deemed to 
present the early form. If degenerate, then the features seen must have degenerated 
from some other form, and its component bones must be homologous with those of the 
normal type from which it has degenerated. If specialized, its components will be 
homologous with those of the normal type from which its specialization has caused it to 
depart. If advanced, its components must be homologous with those of the form from 
which it has progressed. 

The writer has brought to this work a familiarity with the evolution of the muscles 
of the head and neck, from fish to mammal. The observations made in the course of 
that study lead to two conclusions. Firstly, many muscles present in the lower forms 
were completely lost in the higher, and secondly there was no room for doubt that every 
one of the muscles in the higher forms had been evolved by modification of muscles 
already present in the lower. In other words, no evidence was found to support a belief 
that entirely new muscles have appeared in any form. There appeared to be ample 
evidence to support a belief that the division or fusion of myogenetic stromata present 
in more primitive forms had given rise to muscles present in more advanced types. 

Throughout that investigation it appeared obvious that both skeletal and muscular 
structures were exceedingly plastic and were modified together to adapt the whole to 
changing modes of life which entailed altered mechanical conditions. The modifications 
of muscles were, in some instances, so profound that, whilst one was confident that a 
given muscle B was definitely derived from a more generalized form A, its form and 
function were so completely different that one hesitated to call the two homologous. 

It is, therefore, as well to state what the writer intends to convey by the term 
“homologous”. A rigid definition of the term would probably be the following: 

If it be demonstrated that a given structure or organ in different species has been 
developed phylogenetically from a precursory structure or organ in an ancestor common 
to the species in question, then the structure or organ in question is homologous. 

Since phylogeny cannot be observed, it is clear that homology can never be demon- 
strated. We are therefore constrained to adopt some less rigid ‘‘working” definition. 
The following presents the writer’s concept of such, as applicable to the present study: 

It is permissible to regard bones in skulls of different animals and fishes as 
homologous if it is reasonable to believe that they have been developed phylogenetically 
from the same bone in a common ancestor. 

The evidence on which the belief should be based may be set out as follows: 

I. Its adult topography. 
(a). Spatial relation to the bones and/or cartilages of the skull, including 
nasal and otic cavities. 
(b). Spatial relation to the bones and/or cartilages of the visceral arches. 
(c). Spatial relation to soft structures, especially nerves, blood-vessels 
and muscles. 
II. The relation of the bone to the dermis. 
III. The relation of the bone to the mucosa of the mouth. 
IV. The embryology of the bone, with especial reference to its genetic relation 
to other structures. 
V. The whole of these criteria to be studied under the light thrown upon the 
changes, evident or thought to have taken place, by the mechanical 
factors known or thought to have been acting. 
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When all these criteria do not point to the same conclusion, it becomes necessary 
to weigh one group against another before coming to a decision. 

In the discussions the numerical designations used in Part ii will ‘be used whenever 
such use will avoid loading the text with wordy conflict of nomenclature, but, for the 
most part, the bones will be referred to by the names most generally applied in the 
past, using inverted commas if the designation is not that adopted in the table of 
nomenclature set out below. 


TABLE OF NOMENCLATURE. 


Numerical Designations most commonly applied in the Past. 
Designations Designation 
used in adopted in this i 
Part II. Work. PISCES. | AMPHIBIA. SAURIA. THERIA. 
} 
| | 
No. la Premaxilla. (+1) Premaxilla. | Premaxilla. Premaxilla. Premaxilla. 
Primitive dermal | Ascending process. Ascending pro- | Ascending pro- | Ascending pro- 
part. | eee oe | cess. cess. cess. 
No. 16 Premaxilla. | Prevomer. Absent ? Absent ? Absent ? 
Primitive mucosal 
part. 
No. 1+3 Premaxilla. | To H Premaxilla. | Premaxilla. Premaxilla. Premaxilla. 
| Vomer. | 
-n | aÁ iA |i IiI IiI Ie Iiii — — — — —mn ne | a ge 
No. 2 Maxilla. | (+1) Maxilla. | Manilla. Maxilla. Maxilla. 
Palatine. 
No. 3 Premaxilla. (+1) Premaxilla. Premaxilla. Premaxilla. Premaxilla. 
Palatine process. Palatine process. Palatine process. | Palatine process. | Palatine process 
Vomer except tooth- 
bearing edge. 
No. 4 | Palatine. (+2) Ectopterygoid. | Palatine. Palatine. Palatine. 
No. 5 | Ectopterygoid. Pterygoid. Pterygoid. Ectopterygoid. Absent. 
No. 6 Metapterygoid. (+3) Metapterygoid. | Ectopterygoid. Absent. Absent. 
No. 7 Pterygoid. Parasphenoid. Parasphenoid. Pterygoid. Pterygoid. 
No. 8 Vomer. Parethmoid and | Prevomer. Prevomer, Prevomer. 
| ectethmoid. 


(+1) Archaic fishes only. 
(+2) Palatine in Husthenopteron. 
(+3) Pterygoid in Acipenser. 


THE PREMAXILLA (Nos. la, 1b and 3). 


This bone is believed to have been formed by the fusion of two or three elements, 
namely, those numered la, 1b and 3. Originally, it is thought, all three were free from 
each other, as in Latimeria (Fig. 2). Although there is no definite evidence in the 
developmental history of the bone to support the belief that it was formed by the fusion 
of a dermal and a mucosal elegent in Polypterus (Fig. 4), there can be little reason to 
doubt that the canal organs in the ascending process indicate very definitely that, in this 
form at least, this portion of the bone is a dermal bone. The same evidence points to 
the same conclusion with respect to the bone in Lepidosteus (Fig. 5). The situation 
of the bone in Eusthenopteron supports this view, and in Latimeria there are dermal 
ossicles, closely resembling those of Lepidosteus, in the skin of the front of the mouth a 
short distance in front of teeth-bearing ossicles embedded in “the skin of the mouth” 
(Smith). It is undeniable that were la and 1b in Latimeria to fuse, we should have 
the condition of the bone in Polypterus, but with both parts quite small. The homology 
of the bone in Amia with that of Polypterus has not been, nor probably will it be, 
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denied. This equation has included the ascending processes of the two bones. The 
fact that one bone bears canal organs and is definitely a dermal bone, whilst the other 
does not, may be accounted for on the simple assumption that the bone in Amia has 
become submerged below the dermal mucosal layer. It has certainly grown further 
back and is much more extensive medially. On the other hand, in Polypterus the bone 
has acquired a much more extensive palatine lamina, this also probably by submergence 
and simple increased growth. The alveolar margin in both is planted upon the front 
edge of the ethmoid cartilage, and ascending and palatine processes have grown back 
in contact with the upper and lower surfaces of the cartilage. 


Now, if one visualizes the features of the bones of Polypterus and Amia (Fig. 6} 
combined* and their ascending and palatine processes united around the antero-lateral 
edge of the cartilage just a very little further back, one would be visualizing a bone 
which is an actuality in a large number of adult teleosts, and, moreover, which develops 
in the same way, as a membrane bone. The bone in question is, of course, that numbered 
1b + 3, and is that which has been designated vomer and, lately, prevomer in these fishes. 
The question of the duality of origin of maxilla and premaxilla in Polypterus is discussed 
by de Beer (1937, p. 84). The question at issue, as seen by him and others, is whether 
bones separate from these in other fishes have been fused with them. For the purposes 
of the present discussion the identity of the dermal component is not of importance; the 
only question is—is there a dermal component? De Beer believes that the question 
would be solved by a study of the earliest stages of their development. Apparently, if 
they each arise from more than one centre of ossification, he would regard the question 
as answered in the affirmative; if not, in the negative. Since Polypterus is definitely 
a primitive fish, and it is recognized as such because it has retained primitive features 
in the adult, it is probable that if these bones are ultimately found to develop from 
several centres, the centres would be primitive features also. But, as de Beer points 
out (1c. p. 503), plurality of centres of ossification cannot always be accepted as 
evidence that the bone so commencing represents an equal number of bones in an 
ancestral form. On the other hand, the absence of plurality of centres of ossification 
can be accepted as conclusive evidence that the bone has not developed phylogenetically 
from more than one bone, only if one is prepared to accept the recapitulation theory in 
entirety. Such an acceptance compels a belief that no phylogenetic stage can have been 
omitted from the ontogeny. Only one instance can be recalled where the absence of two 
centres of ossification is not accepted as evidence of origin phylogenetically from a single 
bone. This instance is particularly pertinent to the present discussion. The single 
“vomer” of the Teleostei has been accepted as the homologue of the paired “prevomers” 
of archaic fishes and other vertebrates. There has been a general agreement to ignore 
the general absence of any embryological evidence of duality of origin when weighed 
against other features. 

Reviewing the evidence of the bones in the archaic fossils, in Latimeria, Polypterus 
and Amia, it appears entirely reasonable to believe that the premaxilla has been 
developed phylogenetically by the fusion of dermal and oro-mucosal bones. 


Comparing the relations of the premaxillae of Amida, and particularly that of 
Polypterus, with the “prevomer” of the Teleostei generally, one cannot but be impressed 
by their detailed similarity. The embryology of the “prevomer” is not opposed to the 
view that it is homologous with the paired premaxillae. The “prevomer” always 
commences as a membrane bone, and only later, in some forms, becomes a perichondral 
ossification. (In Salmo the bone is paired anteriorly and the teeth are at first not 
attached to the bone.) In view of the fact that the departure from complete similarity 
in development, i.e., duality of centres of ossification in the one and not in the other, 
cannot be regarded as conclusive evidence, a decision must be made largely on adult 
relations. 


The only reason that the “prevomer’” of the Teleostei has not been recognized as 
homologous with the premaxillae of other fishes and the tetrapods is that the anterior 


* The ascending process of Polypterus has no medial piece and is separated from its antimere 
by the mesethmoid. 
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lip bones have been identified as the premaxillae. But for this error the truth would 
have been recognized long ere this. 

It is a peculiar fact that the identification of the lip bones as premaxillae has rested 
upon the single fact that they are located on each side in front of the mouth. It is a 
further fact that there is not one other single feature, either in their adult relations 
to other bones or in their developmental history, in which they resemble the true 
premaxillae. It is also a fact that neither the palaeontological record nor living animals 
or fishes present one single arrangement of the premaxillae which might be interpreted 
as an intermediate stage either in the process of liberation of the true premaxillae to 
form lip bones, or of partial fixation of the lip bones to form true premaxillae. Then, 
too, there is a perfect set of stages in the palaeontological record and in the living 
animals and fishes of the almost unaltered persistence of premaxillae such as those of 
Eusthenopteron or Polypterus throughout the whole series. Finally, during the meta- 
morphosis of the tadpole, the absorption and final abolition of lip-cartilages, undeniably 
homologous with the lip bones of the Teleostei, may be observed. (Kesteven, 1942—44.) 

It is concluded that the premaxillae of the Vertebrata have been developed by the 
fusion of dermal and oro-mucosal bones placed, the one in the skin of the lip, the other 
in the skin of the mouth, and that these bones early fused to form the single bone which 
soon came to be firmly bound to the anterior end of the cartilage of the snout, and that 
in the teleostean fishes the four labial cartilages became ossified to form a purely 
adventitious jaw anterior and lateral to the true jaws. 

This account has neglected the bones numbered 1b in Latimeria, Lepidosteus and 
Amia, bones which have been designated prevomers in the past. It is believed that they 
are, in verity, simply dental plates of the premaxillae which have not fused with the 
palatine laminae of those bones. They will be discussed later in more detail. 


THE Maxrrta. (No. 2.) 


It is believed that this bone has been formed by the coalescence of two components. 
In Latimeria (Fig. 2) there are no separate “2a” dermal assicles comparable with the 
la series. It is possible that the tough matrix in the maxillary labial fold of this fish, 
noted by Smith, is a fibro-cartilaginous labial cartilage. In Lepidosteus (Fig. 5) and in 
Polypterus (Fig. 4) there is definite evidence that the ascending process of the bone is a 
dermal element, and repeatedly in the development of the bone in amphibian embryos, it 
is found to develop first in its ascending process and the palatine process develops later, 
either by extension from the alveolar ridge or as a separate centre of ossification. In 
archaic fishes and in labyrinthodont amphibians, the ascending process of the maxilla 
sutures with dermal shields, and is flush with the outer surfaces of the shields with 
which it sutures. It seems reasonably certain, from the condition in archaic fishes and 
amphibians, that the maxilla has been formed by the impressment of the peri-oral 
dermal shields and by increase in the size of the denticles along their ventral margins. 
The presence of a bone which may be confidently identified as a maxilla on the palato- 
pterygoid of Acipenser (Fig. 1), and which cannot be regarded as a dermal bone, seems 
to indicate that, in this form at least, a maxilla has been developed from an oro-mucosal 
bone. In Polypterus the presence of a dermal component is beyond question, but the 
close association of the inner surfaces of the palatine process, alveolar ridge and 
ascending processes with the ethmoid cartilage, necessitates a choice between a belief in 
the simple extension of one primary element, or in the fusion of two primary elements 
to form the bone. The ultimate decision will be, even more than usual in these problems, 
a personal question depending on the weight of probability as each student sees it. 

The identification of the maxilla in the Teleostei remains to be discussed. It is 
obvious that the “maxilla” of Amia is in no way homologous with that of Polypterus. 
There are no features of resemblance, except the presence of teeth, between the two 
bones either in respect to the adult form and topographical relations or to their embryo- 
logical history. 

On the other hand, the form and topographical relations of the adult “palatine” of 
Amia and maxilla of Polypterus are fundamentally identical, as also is their embryological 
history. If, in examining the evidence for and against the homology of these two bones, 
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each of the criteria listed on a previous page is used in turn, all support the equation. As 
against this conclusion, there remains only the established, but unfounded, conviction 
that it is correct to regard the labial maxilla as the true maxilla. That conviction is as 
wrong as it is unfounded. There is no doubt that the “palatine” of Amia is homologous 
with that of the Teleostei generally. The bone is, and should be, designated the maxilla. 


THE PALATINE. (No. 4.) 


Throughout the whole of the Tetrapoda the bone which has been designated palatine 
serves to bind the maxilla to median or admedian components of the maxillo-palate in the 
region of the nasopharyngeal canal and its posterior opening. With few exceptions the 
bone is structurally an important unit and contributes an extensive area to the bony 
palate. It is developed as a membrane bone in close relation to the ventrum of the lamina 
orbito-nasalis. In those forms in which the vomer or ‘‘prevomer” acts as a “corner-stone”, 
strengthening the palate below the post-narial passages and connecting the palate to the 
skull, it is to this bone that the palatines are sutured medially. In some forms, e.g., 
crocodiles, cynodonts and Theria, the contact is along a median palatine suture. In the 
absence of the vomer as the central “stay” of the palate, the palatine bones are firmly 
sutured together in the mid-line, and are sutured to downwardly-projecting processes of 
the frontal bones. Only in the Urodela and Anura does the palatine pair of bones lose 
its importance as a structural unit of the maxillo-palatal arch. 

In the fishes, the identification of the palatine bone in the archaic forms is not 
difficult. It has probably been correctly identified in Husthenopteron (Fig. 3, No. 4) by 
Bryant and by Watson. In Polypterus it is fairly certainly the bone heretofore identified 
as the pterygoid (Fig. 4, No. 4). In Latimeria it is possibly the bone identified by Smith 
as the ectopterygoid (Fig. 2, No. 4). From Polypterus through Husthenopteron to 
Baphetes and Orthosaurus and on to the saurians and therians, the same bone is traced 
with confidence. 

The identification of the palatine in Amia and the Teleostei is far from a simple or 
straightforward matter. The palate of the Teleostei is peculiar in so many respects 
that one is forced to regard it as specialized, and then to try and determine how this 
specialization has affected its components. There are two outstanding features in this 
specialization. Firstly, the function of the true upper jaw has been transferred to the 
adventitious lip-jaw, so that it is this which opposes the lower jaw anteriorly instead of, 
as in archaic fishes and tetrapods, the true upper jaw. Secondly, the whole of the 
maxillo-palatal arcade has been made mobile on its long axis on each side to permit 
of that abduction and adduction which is so essential for gill respiration. These 
movements are effected by powerful adductor and abductor muscles, and areas for the 
insertion of these have been provided on the surfaces of the palatal bones, as well as 
for equally powerful “levator arcus palatini” muscles which lift the centre of the arch. 
In order to provide room for these muscles and their attachment, the whole of the arch 
on each side has been thrust from the centre line, and is set at an angle with the 
vertical sagittal plane to permit the respiratory movements to take place. Then, too, 
much of the sub-palatal area has been converted into an atrio-pharynx by the crowding 
forward of the branchial basket. Briefly, the whole structure subserves a respiratory 
function (not less important than that associated with feeding) which has called for 
freedom of movement of the whole upon the skull. This is met by articulation to the 
skull anteriorly as well as posteriorly instead of the rigid fixation which is seen in the 
tetrapods. The whole arch has been strengthened along its ventro-lateral margin, to 
take the pull of the “respiratory” muscles, and cast loose along the full length of the 
dorso-medial border to permit freedom of movement. 

The bones which take so important a part in the fixation of the palate in front 
have either not acquired, or have lost, that function and are not so well developed. 

It is believed that the bone in the teleostean palate which should be regarded as 
the homologue of the tetrapod palatine, is that which is numbered 4 in Figures 1 to 7. 
This is that which has been designated pterygoid and ectopterygoid in the past. 

This identification is largely based upon an argument per exclusionem which will 
develop as the remaining bones are discussed. 
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THE Prerycorp. (No. 7a and Tb.) 


This is the bone which has been designated parasphenoid in the fishes and 
euamphibians, and pterygoid in other tetrapods. 

It is necessary to clear the ground of one outstanding error of identification in the 
past. There is no trace of a parasphenoid bone in any living saurian. In a search for 
the parasphenoid, Kesteven (1940) examined the osteogenesis of the basis cranii in 
twenty-six saurian embryos, representing every living group except the crocodiles and 
Rhyncocephalia, and demonstrated very conclusively that the small squame which had 
been observed on the ventrum of the basisphenoid cartilage of various reptilian and bird 
embryos was the outer table of the basisphenoid bone, and that this bone developed in the 
same manner as the basioccipital in every saurian embryo studied. This work was 
further confirmed for the avian bones in two later investigations (Kesteven, 1942a, 
1942b), in which it was also shown that the “rostrum basisphenoidei” is an endochondral 
presphenoid ossification and not a membrane bone. Of course, it is known that there is 
no parasphenoid bone on the base of any therian skull. 

There is then a truly remarkable difference between the saurian and therian skulls 
on the one hand and those of the rest of the tetrapods on the other, that is, if the large 
and functionally important parasphenoid is really not represented in the saurian skull. 

This abrupt and complete shedding of an important structure is quite without 
parallel elsewhere in the fields of comparative osteology and anatomy. 

Impressed by this, almost fundamental, difference in 1916, I sought to explain it 
away by proposing to regard the reptilian pterygoids as the two halves of the amphibian 
parasphenoid. 

It is undeniable that there is strong resemblance between the “pterygoids” of the 
stegocephalians, especially such a form as Hryops (Fig. 11) and those of the Lacertilia 
(Fig. 28) and Ichthyosauria (Fig. 38), but this resemblance is purely superficial. 

Comparison should not be made with conditions so specialized as those of reptilians 
in which the pterygoids are thrust away from the mid-line. 

Commencing with the Sauramphibia* and passing through the Cotylosauria (Figs. 20 
and 21), Chelonia (Figs. 23 and 24), and Theriodontia (Figs. 33 and 39), there is a 
complete series of palates from the most primitive amphibio-reptilian and reptilian form 
to the saurio-mammalian form, in all of which the pterygoids meet in the mid-line, and 
which, moreover, do not appear to be specialized reptilian types. All of them may be 
regarded as occupying a place on, or close to, the main line, either back to the amphibian 
or forward to the therian condition. 

If the pterygoid bones of any euamphibian be compared with those of Baphetes 
(Fig. 18), Simosaurus (Fig. 34), Orthosaurus (Fig. 19), Seymouria (Fig. 20), 
Pareiasaurus (Fig. 21), Bauria (Fig. 33), Crocodilus (Fig. 27) and Chelone (Fig. 23), 
it will be hard to find any features of true resemblance. 

In every one of the amphibian forms the two bones are separated by the full width 
of the base of the skull, and this is covered by the parasphenoid. In all the reptilian 
forms the bones meet in the mid-line on the base of the skull, and there is probably 
no parasphenoid, certainly none in the chelonian and crocodile. 

In the amphibians the pterygoid bone always extends forward and laterally around 
a subocular vacuity; this is never seen in any saurian. 

The pterygoids in the reptilians always suture with the “prevomers” and with the 
palatines immediately on either side of the mid-line. 

In the amphibians the pterygoids never suture with the prevomers and, if they 
suture with the palatine at all, it is on the outer boundary of the suborbital vacuity. 

As iHustrating how little real difference there is between the amphibian parasphenoid 
and the reptilian pterygoids, the condition in Crocodilus, cited by Kesteven, 1919, may be 
described again. Here there is, in the adult, one single triangular membrane bone with 
an anteriorly-projecting spur covering the basisphenoid. From this there stands forward 


* This term was introduced (Kesteven, 1942-44) to include those Amphibia, e.g., Embolomeri, 
which present the large “pterygoid” bones meeting in the mid-line, and which, it is agreed, were, 
or were closely allied to. the stock from which the Sauria were evolved. 
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and out on each side, a bone which supports the hinder end of the maxillary arcade 
(Figs. 26 and 27). The resemblance does not end here. Where this single bone projects 
beyond the basisphenoid, it carries the ventral surface of the presphenoid cartilage in a 
trough on its upper side. These conditions reproduce completely those of the amphibians. 
There can be no doubt that the ventral edge of the interorbital septum of such a form as 
Trematosaurus (Fig. 10) was lodged on the dorsal surface of the anterior process of the 
parasphenoid and, in recent amphibians, the presphenoid region of the skull-base rests 
on the bone. 

There is little room for doubt that if this bone in Crocodilus had not developed 
subnarial laminae which meet in a median suture, it would have been identified as the 
parasphenoid bone, and it would have been regarded as a single bone until the embryolo- 
gists demonstrated the presence of two centres of ossification in the early stages. Be 
that as it may, the fact remains that the only feature wherein this bone differs from the 
parasphenoid of the amphibians is that it develops from two centres of ossification. As 
a matter of fact, in the adult it is a parasphenoid. 

We turn next to compare the amphibian “pterygoids” with those reptilian pterygoids 
which are thrust from the centre. For this purpose the pterygoids of such forms as 
Eryops (Fig. 11) and Rhinesuchus are selected because they resemble the reptilian 
condition more closely than others. The resemblance to the condition in Pariotrichus 
(Fig. 37) is superficially very close, especially if it be granted as possible that there was 
a parasphenoid on the base of the basisphenoid. However, more careful examination finds 
two important differences. The reptilian bones meet anteriorly, they are entirely medial 
to the palatines, and, finally, they suture with the prevomers. In lacertilian palates this 
last feature is not present (Figs. 28 and 29). As against the resemblances, it is not 
reasonable to assume the presence of a parasphenoid on the base of the basisphenoid in 
Pariotrichus. It is quite wrong to compare isolated examples from either group. The 
bone in Hryops has an extension forward which is not present in the great majority of 
other amphibians. The separation of the pterygoids in Pariotrichus, Lacertilia and 
Ichthyosauria is also a feature peculiar to just a comparatively few, specialized reptiles, 
and must be so regarded. It would be equally wrong to cite the condition in Amphisbena 
(Fig. 29) as a lacertilian form; it is probably one of the very few examples of a 
specialization which has taken the form of a more primitive condition. In this respect 
the condition in Hyperodapedon (Fig. 31) may be compared with the more specialized, 
well-known Sphenodon. 

Turning next to the Sauramphibia, the pterygoids in Baphetes (Fig. 18) are readily 
equated with those of Orthosaurus (Fig. 19), and it is difficult to believe that the latter 
is not the homologue of the large bone in the palate of Eusthenopteron numbered 5. 


When it is remembered that Husthenopteron was a fish with hyoid suspension, one 
realizes that a lot of changes must have accompanied the alteration in the method of 
suspension, if the tetrapod maxillo-palate was developed by modification of one slung in 
that manner. On the other hand, it is probable that the tetrapod palate was evolved 
from that of a monimostylic ancestor and the hyostylic maxillo-palate only resembles 
the monimostylic because both have derived their bones from a common ancestor. 


It is not difficult to believe that the freely hung hyostylic maxillo-palate of the 
Acipenser type became anchored, first after the manner of the Notidanidae, and then 
as in the Holocephali, and, finally, acquired the anchorage of the Dipnoi. 


Such, in fact, appears to be the reasonable view to adopt. Otherwise, the incorpora- 
tion of the covering of the base of the cranium into the bony roof of the mouth, and its 
very large share in that roof, is almost incomprehensible. In all the hyostylic forms the 
skull base takes little or no share in roofing the mouth, but in all the Huamphibia the 
parasphenoid is a very wide and expansive component. One should surely endeavour to 
visualize assumed changed topographical relations together with their probable 
mechanical changes or persistences. 

Let it be assumed that the maxillo-palate, already fully formed and slung in the 
mobile manner of that of the hyostylic bony fishes, loses the anterior mobility about the 
ethmo-palatine junction, and, at the same time, it loses the hyoid suspension, the 


82 THE EVOLUTION OF THE MAXILLO-PALATE, 


quadrate being drawn in to become directly attached to the skull, and that the whole 
loses its respiratory function. 

These changes will have taken place under the influence of a persistent need of an 
efficient masticatory musculature, a gradual abolition of the muscles which effect 
respiratory movements, or their transfer to other functions. 

If this was the road the muscles of the mandibular and hyoid segments travelled 
in their modification from the elasmobranchian to the amphibian condition, some trace 
of the teleostean phase should become apparent on comparative study. As a matter of 
fact, one may trace the evolution of these muscles from the elasmobranchian directly 
to the amphibian condition, more than one stage in the process being manifest in the 
Holocephali. The teleostean condition presents one single instance of a muscle 
condition intermediate between the elasmobranchian and that of the amphibians. The 
facts are that one finds the muscles of the elasmobranchian fishes in the bony fishes, but 
in many respects very much modified. The same muscles are found also in the 
amphibians, and much less changed.* 

An obvious deduction from this evidence is that the cephalic musculature of the 
bony fishes is a specialization, and that it was not present in forms ancestral to the 
amphibians. The evidence of the muscular system supports the view that the 
amphibians have not passed through a teleostome stage. If the cephalic musculature 
is specialized, it is permissible to assume that it was specialized to adapt it to a 
special set of stresses and strains in a specialized framework. 

The most primitive amphibians known to us are the Dipnoi. There is no doubt 
that they antedate the rest of the amphibians phylogenetically. So much so in fact 
that, although they possess so many amphibian characters, their possession of some 
very characteristic fish features has caused them, until recently, to be universally 
regarded as fish (Kesteven, 1931; Kerr, 1932). 

Unfortunately, these primitive amphibians are extremely specialized in their 
maxillo-palatal features. There is no room for doubt that they have lost all the 
components of the maxillo-palate except those developed upon the base of the cranium. 
That which remains is of particular interest (Fig. 8). 

The parasphenoid is a wide plate of bone essentially similar to that of the 
Euamphibia. 

Here, then, is an exceedingly primitive amphibian, in fact, one may say, a pro- 
amphibian, and it is found to have the skull widened between the otic capsules, its base 
flush with that of those capsules, and with the basal process of the quadrate, and this 
wide expanse already covered by a wide parasphenoid which functions also as the bony 
roof of the hinder part of the mouth. 

For the Huamphibia this may be taken as the primitive form of the central area of 
the roof of the mouth, and it indicates an origin for the palate of the Tetrapoda from a 
monimostylic rather than from a hyostylic form. 

This is not the only significance of this extremely simple palate. On either side of 
the parasphenoid bone there is another which occupies precisely the situation of the 
pterygoid bones of those reptiles in which they meet one another anteriorly. 

These bones are definitely not homologous with the pterygoids of the Huamphibia. 
They are developed quite differently. They are both membrane bones, but there the 
similarity ends. The bones in Ceratodus and Lepidosiren are developed in relation to 
the cranial base and extend from behind forward and medially; those of the amphibians, 
in relation to the palato-pterygoid cartilage, and extend from behind forward and 
laterally. The location and development of these bones is such that they can be 
homologized only with the pterygoids of the reptiles. 

If these two bones are not new ossifications making their first appearance on the 
base of the dipnoan skull, they should be recognizable as membrane bones on the lower 
part of the wall of the otocrane or alisphenoid region of the skull of fishes. In the 
search for this bone one would turn naturally to elasmobranchian types. Of these the 
Chondrostei are the only living forms which develop bones, and they provide nothing 


* It is not possible to give the details here; reference may be made to Kesteven, 1942-44. 
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comparable to this bone 7b in the Dipnoi. Nor is there any to be found in other fossil 
or living bony fish. It is, of course, possible that a precursory cranio-mural bone will 
be found in a fossil at some future time, but, at present, we are compelled to regard it 
as a bone not present in more primitive forms, that is, it must be regarded as a new 
bone. 

But, if a new bone, it is not a cranio-mural element. It is possible that each of 
these bones has been developed from the osteogenetic stroma of the parasphenoid. In 
other words, it is not unreasonable to assume that these present us with the first stage 
in the replacement of the parasphenoid by two other bones each of which commenced 
as a separate centre of ossification of the parent bone; the writer believes this to be their 
history. 

Whatever be the true explanation of their origin, it seems certain that they are the 
precursors of the pterygoid bones of the reptiles. 

It must, however, be remembered that these are very definitely not homologous with 
the “pterygoids” of the Huamphibia. 

It is probable that somewhere in the palaeontological record, further illuminating 
chapters in the history of the evolution of the palate, and especially of the pterygoid 
bones, will be found.* 1 

The occurrence in Carboniferous and Lower Permian times of such forms as 
Seymouria, Pantylus and Pareiasaurus, together with a variety of labyrinthodonts, 
indicates that a marked diversity of palates had already been evolved. Already in 
Baphetes a close approach has been made to the reptilian type. 

One looks to the palaeontological record to provide stages intermediate between 
that of Ceratodus and the reptilian without any parasphenoid. 

It is concluded that the pterygoid bone of the Sauria is not homologous with the 
“pterygoid?” bone of the Euamphibia, but that it has been evolved by fragmentation 
and ultimate replacement of the parasphenoid bone. 


THE EcTOPTERYGOID. (No. 5.) 


Before discussing the homology of this bone as between the different classes, it is 
necessary to review each of the bones within the various classes. In the fishes, various 
names have been given to the bone; probably that most generally used is mesopterygoid. 
Whatever be its homologue in the tetrapod palates, it will probably be agreed that 
“No. 5” is the same bone in the fish palates illustrated (Figs. 1-7). Turning to the 
euamphibian palates, “No. 5” is the bone which has been designated pterygoid, and 
there is no room for doubt that it is the same bone which is so numbered in Figures 10 
to 17. In the Sauramphibia and saurians the bone numbered 5 is that which has been 
designated os transversum and ectopterygoid. 

The “pterygoid” bone of the amphibians is always developed in relation to the 
pterygoid portion of the cartilaginous palato-quadrate arch. It always appears first 
in front of the quadrate portion of that arch and its extension backwards follows later. 
Except in the coecilians the bone originates as a membrane bone. In some forms the 
cartilage remains, in others it may be actually replaced by endochondral ossification 
which fuses with the original membrane bone. In other forms the cartilaginous arch 
is simply absorbed without replacement. In the coecilians the bone is an endochondral 
ossification ab initio. 

In the saurians the palato-quadrate arch never extends anteriorly beyond the 
basipterygoid process sufficiently to provide a base in relation to which the ectopterygoid 


* Price (1935) believed he: found a parasphenoid, together with pterygoids, in Captorhinus, 
and White (1939) describes both bones in Seymouria. These may possibly represent a further 
stage in the reduction of the parasphenoid and its replacement by the true pterygoids. Careful 
investigation of the structure of the base of primitive saurian crania is needed to clear up this 
question. Sections may be expected to show a definite interval between basi and parasphenoid 
bones if both are present; and this interval should be visible—perhaps not continuously, but 
repeatedly—in most of the sections. Evidence of this kind will be necessary before the reported 
presence of a parasphenoid fused to a basisphenoid can be accepted. It must be remembered 
that there is no instance amongst living fish or amphibians of the parasphenoid being fused to 
any bone. 
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might arise. The bone always develops as a membrane bone. In view of the different 
modes of development of the bone in the amphibians, the absence of any relation to 
cartilage in the saurians cannot be regarded as evidence against the homology of the 
two bones, especially in view of the fact that the bone so commonly develops entirely as 
a membrane bone in the amphibians. 


Since the facts of the embryology of the bones neither support nor oppose their 
homology, it becomes necessary to arrive at a decision by consideration of the adult 
relations in recent and fossil forms, 


Superficial comparison of the “pterygoid” of the labyrinthodonts with the ectoptery- 
goid of the saurians would lead at once to the rejection of the equation proposed here. 
An analysis of the relations of the two bones must, however, cause hesitation. In the 
labyrinthodonts the bone intervenes between the basis cranii and the articulation of 
the quadrate thereto on the one side, and the maxillary arcade on the other. Medially 
the bone sutures with the “parasphenoid”; laterally and anteriorly it sutures with the 
bone designated ‘ectopterygoid’’ when that is present, and in its absence, with the 
posterior end of the maxilla and/or the palatine. The suture with the “parasphenoid” 
is constant throughout the amphibians. In coecilians it sutures only with the palatine 
laterally and anteriorly. In Urodeles the bone is commonly much expanded, recalling 
that in Batrachosuchus. In the majority of the Urodela the bone ends short of the 
maxillary arcade. When it reaches the arcade, it sutures with the maxilla. In Anura 
the conditions are essentially as in the labyrinthodonts, but the bone is much more 
slender, and there is no “ectopterygoid’” present; the anterior suture is with the 
maxilla. 


The ectopterygoid of the Sauria* makes a much smaller contribution to the maxillo- 
palate than does the “pterygoid” of the amphibian. It is commonly a small, sometimes 
a very small, bone sutured to the pterygoid medially and to the palatine and/or the 
maxilla laterally in front. If, as contended in the last section, the pterygoid is the 
homologue of the parasphenoid, the relations to other bones are as in the amphibians. 
In the great majority of the amphibians the “pterygoid” is so much larger than the 
ectopterygoid of the saurians that it is difficult to believe that they are homologous. 
Consideration of the other features in the maxillo-palate leads to a better understanding. 
In the majority of the amphibians the lateral margin of the ‘“‘parasphenoid” is separated 
a long way from the inner margin of the maxillary arcade, and the bone which acts as 
a strut from the base of the cranium to the arcade is necessarily long and relatively 
stout. In the coecilians the base of the cranium and its investing parasphenoid is 
relatively much wider than in the rest of the euamphibians and, moreover, the maxillary 
arcade is not set so far away. The “pterygoid” bone is markedly reduced. This reduction 
of the bone is also observed throughout the saurians and Sauramphibia. The pterygoid 
bone in the Sauria is either very extensive with a wide anterior as well as posterior 
expansion, or else, as in the lacertilians and ophidians, it is a long narrow bone removed 
well away from the mid-line and supported near the middle of its length by the 
basipterygoid process medially and the epipterygoid superiorly. In the result, the gap 
between the pterygoid and the maxillary arcade has been markedly reduced, as in the 
coecilians, and, as in those amphibians, the ectopterygoid is also reduced. The smaller 
the gap the smaller the ectopterygoid. Probably the saurian condition which most nearly 
reproduces that of the Euamphibia is that of the Crocodilia (Figs. 26 and 27). In these 
forms the pterygoids are confined to the primitive position on the ventrum of a relatively 
narrow cranial base. The ectopterygoid is tripartite. The largest of the three processes 
runs forward and laterally to the maxillary arcade, the smallest is sutured to the side of 
the pterygoid, the third runs back to suture with the quadrate and prootic bones. 

The nearest approach to the saurian condition in the Euamphibia is, of course, that 
of the Coecilia. 


In the Chelonia the pterygoids are so wide and so long anteriorly that they suture 
with the palatine anteriorly and also with the maxilla. 


* There is no trace of the bone in any avian maxillo-palate. 
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It appears certain that if the “pterygoid” bone of the Euamphibia is represented 
in the palate of the fishes, it is by either bone No. 5 or No. 6. As already stated, there 
is reason to believe that the palates of both tetrapods and fishes owe their resemblances 
to the fact that both have inherited the bones from a common ancestor. Any investigation 
into the homologies of bones in the two types of palate should not, if the above belief be 
well founded, take the form of an enquiry as to how bones of the fish palate could have 
been modified to assume the form and relation of bones in the tetrapod palate. Just as it 
was found possible to trace the evolution of both teleostome and amphibian cephalic 
musculature from the elasmobranchian, so should the attempt be made to explain the 
two types of palate without assuming that the fishes present a phase in the evolution 
of the tetrapod. 

The bone numbered 5 in the fish palates is a large bone in every case, and it is 
particularly significant that it is the largest bone in the palate of Acipenser (Fig. 1). 
The position of this bone is such that if the palato-quadrate passed through the notidanid 
and holocephalan stage to the condition of the dipnoan, and the bone persisted in its 
relation to the posterior end and ventral surface of the palato-pterygoid cartilage, it 
must have come to occupy the situation of the “pterygoid” bone of the euamphibian 
palate. As a matter of fact, this line of reasoning leads us to the accepted belief that 
the large bone on the median side of the fish palate is the homologue of the amphibian 
pterygoid.* 

There remains one bone in the fish palate for which the homologue in the tetrapod 
palate has yet to be found. The metapterygoid is apparently not represented in the 
tetrapod palate, unless the “ectopterygoid’” of some of the labyrinthodonts is its 
homologue. There is nothing in its topography or development in the living fishes to 
oppose this identification. But it should be designated metapterygoid in order to prevent 
confusion with the true ectopterygoid of the reptiles, which, it has been shown above, 
is the homologue of the euamphibian pterygoid. 


THE Vomer. (No. 8.) 


Parrington and Westoll (1940) reviewed the evidence in support of the equation of 
the therian vomer with the anterior part of the parasphenoid, and demonstrated fairly 
conclusively that the evidence in favour of equating the bone with the prevomers of the 
reptilian palate heavily outweighed it. They did not, however, investigate the origin of 
the prevomer. 

This, like other problems discussed in the previous pages, will be approached without 
any assumption that the tetrapod vomer has- been evolved by the modification of the 
vomer of the fishes. 

Reviewing again the postulated stages in the anchoring of the palato-quadrate to 
the skull, the first stage was the firm fibrous union of the anterior end of the palato- 
pterygoid cartilage to the ethmoidal cartilage in front of the orbit. Later there may 
have followed the complete fusion of the cartilages, as seen in the Holocephali. This 
union took place at the side of the ethmoid cartilage, the “symphasis palato-quadrate” 
was abolished, and the fore ends of the two cartilages came to be separated by the width 
of the ethmoid mass. R 

At the same time the dermal scutes surrounding the mouth fused with the oro- 
mucosal premaxillae and maxillae, and with the loss of the fore parts of the palato- 
pterygoid cartilages, these bones acquired a direct relation to either the ethmoid 
cartilage or to the bones developed thereon. Thus, it may be supposed, the tetrapod 
maxillo-palate became firmly attached to the skull in front. In the bony fishes the 
process was very similar, but the retention of the gills and the need for respiratory 
movement prevented the development of complete immobility. The union in front 


* It is now possible to conclude the argument per exclusionem by which the identity of the 
palatine bone in the fish palate is identified. 

With only two bones, Nos. 4 and 5, from which to select, it is obvious that the choice must 
fall on the anterior of the two, that which has been designated the ectopterygoid, as the 
palatine bone of the tetrapod palate. It will be noted that this is in agreement with the 
identification of the palatine in Husthenopteron (Figs. 3A, 3B) by Bryant and Watson. 
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was by a firm joint about which a limited but definite amount of movement was possible. 
In both fish and tetrapod the true premaxillae were developed in relation to the front 
of the ethmoid cartilage, and the maxilla in relation to the side of that cartilage and to 
the fore end of the palatine process. 

In the fishes the ethmoid mass of the skull remains solid, but in the tetrapods 
the ethmoid mass was excavated to contain the nasal organs, and the cartilaginous floor 
had to be strengthened by bony plates; these plates are the prevomers. 

The prevomers are membrane bones, and are developed on the ventrum of the 
ethmoid cartilage. They suture with palatine plates of all the bones they contact. 

In the fishes the only bones which appear to satisfy this definition are the 
prevomers of Amia and Lepidosteus. The former are placed superficially to the palatine 
laminae of the premaxillae, and those of the latter are altogether too much specialized 
to be safely used in the present comparison. The preyomers of Polypterus are definitely 
and completely separated from the ethmoid cartilage by the palatine laminae of the 
maxillae and premaxillae, and by the ectethmoid. No one of these is sutured to 
surrounding bones. 

The bone in the Teleostei which has been termed vomer is so much more like the 
premaxillae that it is not possible to regard it as other than that bone. 

The relation of the prevomers of Husthenopteron (Figs. 3A, 3B) and other fishes 
to the ethmoid cartilage is unknown; their location leads one to believe that they are 
homologous with the bones in Amia (Fig. 6) and Polypterus (Fig. 4). 

Apparently there are for comparison with the tetrapod prevomers only bones in two 
living fishes and, perhaps, similar bones in some fossils, and those in the recent forms 
are definitely placed more superficially in the tissues below the cartilage than are the 
tetrapod bones, nor do they make sutural union with any other bones. 

In the tetrapods there is nothing to represent the ectethmoid. This is the bone 
through which the maxillo-palatal arch is anchored to the skull in the fishes. It is also 
the bone which ossifies the orbito-nasal lamina in the fishes. 

The only bone in the tetrapods which ossifies on the orbito-nasal lamina is the 
prevomer. 

The ectethmoid always develops as a perichondral ossification, with extensions in 
membrane in some forms. 

The prevomer always develops as a membrane bone in the saurians, but appears to 
be a cartilage bone in some therians. 

If there be strong reasons for believing that the prevomer and the ectethmoid are 
homologous, their different modes of development should not be permitted to weigh too 
heavily against the belief. There are numerous instances of bones, undoubtedly 
homologous, developing as cartilage bones in some forms and as membrane bones in 
others. 

It is believed that the prevomers and the ectethmoid bones are both derived from the 
osteogenetic stroma which gave rise to ossification on and around the postero-lateral 
part of the ethmoid cartilage; in view of their different positions, one hesitates to 
advocate that the name prevomer be applied to the ectethmoid. 

The problem is somewhat similar to that of the correct name for the derivatives 
of the hyoid superficial constrictor sheet of muscle fibres of the selachian. It is fairly 
certain that the posterior belly of the digastric muscle of the Theria is derived directly 
from the depressor mandibulae of the Sauria, and both from the selachian sheet, but, 
owing to changed form and function, one hesitates to designate the latter “posterior 
digastric”. In this instance, there is strong reason to believe that the two bones are 
derived from a common precursor, but it does not seem advisable to bestow the same 
name on them. 

In the study of the evolution of muscles it is possible to trace the gradual metamor- 
phosis of a sheet of constrictor muscle fibres into separate entities, each having a new 
function. One is able to visualize the manner in which these fibres have been made use 
of in the presence of changing mechanical factors, their origins and insertions moving 
just a little, now forward, now back, to bring about greater range and/or efficiency of 
movement, or greater stability in a changing skeletal framework. 
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This concept of the control of anatomical units by changing mechanical needs is now 
prought to the study of the evolution of the maxillo-palate, and applied to the changes 
believed to have taken place in the bones under discussion. 


The outstanding mechanical need in the particular region we are discussing was 
the firm attachment and, finally, immovable fixation of the anterior end of the arch to 
the anterior end of the skull. 


There is little doubt on the evidence before us that this was not merely a constant 
factor in the mechanics of the structural evolution of the maxillo-palate, but was a 
constantly increasing factor. This is borne out by the fact that the anterior part of the 
skull and the maxillo-palate have become intimately, and very firmly, bound together, 
whereas there is no doubt, primitively, the arch was not bound to the skull anteriorly 
at all; it was loosely hung beneath it. 


With this factor well in mind, it will probably be readily admitted that once the 
arch became firmly bound to any bone investing the postero-lateral corner of the ethmoid 
cartilage, the bone would continue to function as the point of attachment. Once the 
attachment had been effected, it is to be presumed that it would have become the 
permanent one. 

There is no apparent reason why it should be assumed that the perichondral 
ossification should disappear altogether and part at least of its situation and its function 
be taken up by an entirely new bone. This last assumption is implied by the belief 
that there is no ectethmoid bone in the tetrapod skull, in view of the fact that the 
prevomer occupies the situation of the ventral part of that bone. 

As stated before, the prevomer is the only bone which is ossified on the ventrum 
of the lamina orbito-nasalis. Of course, the maxilla and palatine bones both develop 
beneath the lamina orbito-nasalis in certain amphibians, but it is quite impossible to 
regard either of them as homologous with the ectethmoid, which is present with them 
in the fishes. 

The topographical features of the prevomers are not the only characters which lead 
to their identification as being derived from a parethmoid ossification. They are the 
bones by which, in the Amphibia, the fore end of the maxillo-palate is knit to the skull, 
and by which the two halves are bound together. 


It is significant that in very many teleosts a small area of the ventral surface of the 
ectethmoid bones presents in the palate between the arch and the mid-line, and that in 
this situation they commonly make sutural contact with the tip of the parasphenoid and 
nearly meet in the mid-line. 

In ali these features this portion of the bone resembles the prevomers of the 
amphibians. 

As throwing light upon the evolution of the structure of the therian palate, it is of 
particular interest to note that the prevomers retain the function of acting as the main 
support of the palatal arch. In the chelonians this is very striking, is little less so in 
the cynodonts, and is still well in evidence in the Theria. 


The migration of the bone from the side to the centre of the palate has apparently 
taken place without any break in the continued rigidity of the fixation of the arch, and 
also apparently in order to provide for the necessary support of the middle of the palate 
caused by the cavitation of the ethmoidal region for the accommodation of the increased 
size of the nasal passages, both in front and behind the nasal organ itself. 


It is concluded that there are strong reasons for believing that both the ectethmoid 
and the prevomer were derived from the same parethmoid ossification, and that they 
should be regarded as homologous bones. 

Of the two forms the ectethmoid is probably the more primitive. 

It is believed that the “prevomer” of Amia (Fig. 6, 1b), Polypterus (Fig. 4, 1b), and 
the fossil archaic fishes are simply laminae formed by the fusion of the bones of the 
teeth they bear, and that they may be represented by the tooth-bearing portion of the 
premaxillae in teleosts. They are primitive 2b ossifications which may or may not be 
intimately fused with the palatine laminae. 
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Parrington and Westoll have practically demonstrated that the mammalian vomer 
is derived from the ‘“‘prevomers” of the Reptilia. The following brief remarks are offered 
in support of their demonstration. 

Slightly modified in the region of the “ectopterygoid” (5) to include features present 
in the majority of the Cynodontia, their illustration of Cynognathus is reproduced here 
(Fig. 39). 

There is no reason to doubt that the vomer of Cynognathus, and of the Theriodontia, 
is homologous with the ‘“prevomers” of the Chelonia, Crocodilia and Reptilia generally. 
These bones are not derived from the parasphenoid. 

The fundamental similarity of the cynodont palate to that of the Theria is obvious, 
at least as far back as the posterior limit of the vomer. 

If the vomer of the therian palate is not the same bone as the cynodont vomer, then 
it must be assumed that the central strut of the palate, an essential structural unit, was 
replaced with identically the same relations to all the other units, by a new bone—an 
altogether unnecessary and an unreasonable assumption. 

It is concluded that the therian vomer is the same bone as the reptilian “prevomer”, 
and the latter name should be discarded. 


THE EPIPTERYGOID. 


This name has been given to the ‘“‘metapterygoid” bone in the fish palate by several 
palaeontologists in recent years. Parrington and Westoll, in their very careful review 
of the evidence bearing on the evolution of the mammalian palate, follow the palaeontolo- 
gists in adopting this very misleading and erroneous name for the bone. 

The name “epipterygoid” was applied for many years to the bone which Owen and 
Huxley designated columella cranii, and to this bone only. It has been demonstrated, 
as conclusively as such things can be demonstrated, that the lacertilian epipterygoid 
is the homologue of the processus ascendens quadrati. This demonstration has gone 
unchallenged; it has been accepted by every comparative anatomist. 

Unfortunately Gregory, and others, made the mistake of believing that the alisphenoid 
bone of certain cynodont reptiles was homologous with the epipterygoid of the Rhynco- 
cephalia and Lacertilia, being misled in this matter by Gaupp’s theory of the inclusion 
of a “cavum epiptericum” into the cranial cavity of the Theria. This theory was based 
upon the relations of certain nerves to the epipterygoid bone. Kesteven (1918) demon- 
strated quite conclusively that those relations were so variable as to be quite unreliable. 
Gregory and Noble (1924) accepted this evidence, but because the “epipterygoid” of the 
cynodonts was demonstrably homologous with the alisphenoid of the Theria, assumed 
that the epipterygoid of the lacertilians must be also. Kesteven (1926, 1941) demon- 
strated by the citation of embryological evidence and adult relations of the bones in 
fossil and recent forms, that the bone located in the alisphenoid region of the cranial 
wall in all living vertebrates is developed in essentially the same way (as a primary 
component of the cranial wall), that the relation of the bone to surrounding bones was 
constant, and that the same variations to soft structures (nerves and blood-vessels) 
which had been recorded as between the therian and saurian bones were also found, both 
in embryonic and adult conditions, with respect to the bone within both groups. 

Gaupp’s “cavum epiptericum” is definitely a myth (Kesteven, 1941). 

The “epipterygoid” of the cynodonts was correctly named alisphenoid by Broom in 
his original descriptions, and since it is homologous with the alisphenoid ‘of the Theria, 
it should be so named. 

The epipterygoid of the Rhyncocephalia, Chelonia, Lacertilia and Ophidia* is the 
homologue of the processus ascendens quadrati. 

In all living amphibians, including the very primitive dipnoans, the quadrate is 
attached by ascending, basal and otic processes. (In Coecilia the ascending process only 
is present). It must be concluded that this method of attachment has been inherited by 


* In the Ophidia there is a bone which has every one of the relations to blood-vessels and 
nerves which are possessed by the therian alisphenoid, and are said to distinguish that bone 
from the bone in the Sauria, but because this is a saurian, the protagonists of the “cavum 
epiptericum” theory have refused to recognize it as an alisphenoid. 
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all from a common ancestor. It follows that the same form of attachment was, in all 
probability, present in the labyrinthodonts. The alternatives are two in number. Firstly, 
these amphibians did not have an ancestor in common with recent forms. Secondly, 
these amphibians were peculiarly specialized in this one respect. Neither of these 
alternatives is acceptable; neither is reasonable. 

It must be concluded, therefore, that even if Gaupp’s cavum epiptericum theory, 
with its attendant equation of the epipterygoid with the alisphenoid, were correct, there 
could have been no separate epipterygoid in the early amphibians. 

Now, under the impression that the metapterygoid of the fishes could be homologized 
with an alisphenoid-like ossification (designated epipterygoid) in certain labyrintho- 
donts, Watson, Stensio, Save Söderbergh, and other palaeontologists, have designated this 
bone epipterygoid also.* 


CONCLUSIONS. 


Reviewing the foregoing discussions, perhaps the most outstanding feature of them 
all is the paucity of factual evidence available. Every one of the conclusions arrived at 
is an opinion based upon the interpretation of evidence largely circumstantial. But 
whilst, therefore, no one of these conclusions may be regarded as having been established, 
it is confidently believed that they present the most reasonable interpretation of the 
evidence. 

In brief, those conclusions are: 

1. The tetrapod maxillo-palate and that of the bony fishes have been evolved 
from that of a common ancestor. 

2. The tetrapod maxillo-palate was not evolved by modification of that of the 
bony fishes. 

3. In the fishes and the Tetrapoda alike the premaxillae and the maxillae were 
evolved by the coalescence of dermal ossicles in the skin of the lip, and oro- 
mucosal ossifications in the skin of the mouth, and that these bones very 
early became related to the front and lateral edges and contiguous ventral 
surface of the ethmoid cartilage. 

4. In the Teleostei these two bones are those which, in the past, have been 
known as the vomer and palatine bones respectively. 

5. As a result of the past misinterpretation of these two bones the whole of the 
bones in the maxillo-palate of the Teleostei have been misinterpreted also. 
Their correct homologies appear to be as set out in the table of nomen- 
clature given on page 76. 

6. The most primitive maxillo-palate in the Tetrapoda is that of the great 
majority of the Amphibia: the type characterized by the presence of a large 
parasphenoid bone. 

7. In the Sauria and the Sauramphibia the median parasphenoid bone has been 
replaced by two bones which have been developed by fragmentation of the 
parent bone. 

8. The earliest stage in this replacement is to be seen in the Dipnoi. 

9. The prevomers of the Tetrapoda have been evolved from the ectethmoids 
(or parethmoids) of the fishes. It is believed that these bones were present 
in the common ancestors of both bony fishes and tetrapods. 

10. The prevomers of the Amphibia and the Sauria are believed to be homologous 
with the vomer of the Theria. 

11. The bone known in the past as the pterygoid in the Amphibia is believed to be 
the homologue of the ectopterygoid of the Sauria. 


* The most astonishing extension of this misnomer is that at least three of the palaeontolo- 
gists have found “basal’, “otic”, and “ascending processes” attached to this “epipterygoid’, 
which if correctly named, is itself the ascending process of the quadrate. One wonders did these 
palaeontologists believe that the quadrate in these amphibians had the usual ascending, basal, 
and otic processes, and that from the ascending process, secondary ascending, basal and otic 
processes were developed, or was it just careless use of established designations with entirely 


new meanings? 


J 
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12. The pterygoid bone of the Sauria is believed to be the homologue of the 
pterygoid of the Theria. 

13. The “epipterygoid” of certain cynodonts is believed to be homologous with 
the alisphenoid of the Vertebrata generally, including that of the Theria, but 
not with the epipterygoid of the Lacertilia and some few other reptiles. 


Part II. 


The following illustrations and brief descriptions supplement statements of fact in 
Part i. It would have seriously interrupted the presentation of the arguments if the 
descriptions had been given in Part i, but since the whole of the facts cannot be carried 
in the mind, it was felt that they should be made available. Several of the bones which 
have been regarded as homologous in the preceding pages have been known under 
different names in the different groups, and within the groups have been given different 
names by different workers. In order to avoid overloading the text with a conflict of 
nomenclature, numbers have been used instead of names for the bones. The key to the 
numbers will be found on page 76. 


(A). THE FISHES. 
Acipenser. (Fig. 1.) 


The quadrato-palatal arch is hyostylic and is not articulated or firmly bound to the 
skull in front. Anteriorly and laterally the maxillo-palate is firmly bound to the skin. 
This is rendered relatively rigid by the ossicles with which it is so richly endowed; in 
effect, this fixation in the skin of the snout gives that fixation which is obtained in some 
elasmobranchs and in the bony fishes by articulation to, or firm union with, the ethmoid 
cartilage. 

There are five bones related to the palato-quadrate cartilage. Two of these, 1b and 
2b, fuse very early to form a narrow splint which lies along the ventro-lateral edge of 
the arch, is in contact with the cartilage at both ends, but is separated from it between 
these points. 

The largest of the remaining three bones is No. 5; this covers a large part of the 
ventro-medial surface as well as a smaller area on the dorso-lateral surface of the 
cartilage. 

Numbers 4 and 6 are small bones applied to the ventro-medial edge of the cartilage. 

Bones 3, 7a and 8, which are actually or potentially components of the maxillo-palate 
in all the fishes, are present on the skull of Accipenser, but take no part in the formation 


of the maxillo-palate. It is important that it be remembered that they are present on 
the skull. 


Latimeria. (Fig. 2.) 


The maxillo-palate is anchored in front to the ectethmoid, so that the palato-pterygoid 
arches are separated anteriorly, and the bones 8 and 7 appear in the roof of the mouth 
between them. Posteriorly the suspension is hyostylic, but this attachment to the skull 
is strengthened by the firm fibrous union of No. 6 to the prootic bone. 

No. la is a series of dermal scutes in the skin of the lip on each side of the mid-line. 
No. 1b is a single ossicle in the skin of the mouth on each side of the mid-line just 
behind la. It is not planted on the ethmoid cartilage but lies very close to, and below, 
the anterior edge thereof. There is no labial sulcus between la and 1b. 

No. 8 is a solid bone firmly attached to the postero-lateral corner of the ethmoid 
cartilage. Its ventral surface presents in the palate in front of No. 7a and medially to 
No. 3 it sutures with the front end of No. 7a. 

No. 3 may be a separate bone or may be the anterior portion of No. 2. It is a flat 
plate of bone applied to the ventrum of No. 8 and sutures with the antero-medial edge of 
No. 2. 

No. 2 is a more extensive and much stouter bone which sutures with the postero- 
medial part of No. 8 in front, lies below and medial to the anterior tip of No. 5, and is 
itself overlain ventrally by the anterior tip of No. 4. 

Bones 2, 3 and 4 carry teeth along their lateral margins. 
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1.—Acipenser (from Parker). 
2.—Latimeria (from Smith). 
Fig. 3A.—Eusthenopteron (from Bryant). 


Fig. 


Fig. 


Fig. 3B.—Husthenopteron (from Watson). 


Fig. 


4.—Polypterus (from Traquair and Allis). 
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No. 4 is a splint bone sutured to the anterior half of the ventro-lateral margin of 
No. 5, but is separated from that bone at the extreme anterior tip where No. 2 is placed 
between them. 

No. 5 is a much broader bone than it appears in the illustration; its width and also 
that of No. 6 is foreshortened. This is a relatively strong plate of bone and it is further 
strengthened by three thickened, radiating columns. The bone is triangular in outline 
with three unequal sides, the ventral side is the longest, and the posterior, nearly 
vertical, the shortest. The apex of the triangle is drawn out into a short process. The 
postero-ventral corner of the bone has the quadrate firmly united to it. l 

No. 6 was described by Smith as resembling a broad-bladed, short-handled cleaver 
in shape. The bone is very firmly sutured to No. 5, especially along the process rising 
from the apex of that bone. The angle between the “blade” and the handle is filled in to 
produce a curved edge, which is thickened and firmly bound to the prootic. The tip of 
the handle is close to the alisphenoid. 

No. 7a has been broken off at the position of the dotted line across the bone, the 
portion shown behind this line being a “restoration” based on the extent of the bone in all 
other fishes. 

There is, of course, only one specimen of this fish known. The illustration and 
above description are based upon Smith’s description and illustrations. Dr. Smith has 
very kindly checked these for me, and I have to thank him for his assistance. I have 
not ventured to ask him to support my restoration of the posterior part of bone No. Ta. 

Smith was particularly impressed by the absence of “premaxillae” and “maxillae”. 
He described and illustrated a lip fold which resembles remarkably closely that in which 
the “maxilla” of the Teleostei is lodged. In the teleosts the fold is continuous right 
around the snout with that of the other side. The anterior part of the fold encloses the 
“premaxilla’”. This part of the fold is not present in Latimeria. There is a strong 
resemblance to Amia but in that fish the “maxillary” fold contains the “maxilla”. 


Husthenopteron. (Figs. 3A, 3B.) 


The maxillo-palate of this fish was described by Bryant (1919) and by Watson 
(1925). Both their illustrations are reproduced. 

Numbers 1 and 2 are narrow, tooth-bearing bones with ascending laminae, doubtless 

sutured to dermal shield scutes. According to Bryant, there was an interval between 
these two and the rest of the bones of the palate, but Watson did not believe this to be 
correct. : 
No. 3. If Bryant was correct this triangular plate of bone had a row of teeth set 
along the anterior margin and a few larger teeth on the rest of the surface. Watson 
did not find the anterior row of teeth. Anteriorly the pair of No. 3 meet in a median 
Suture but posteriorly they diverge and the anterior tip of 7a fits between them. 

No. 4 is a narrow oblong bone sutured to No. 5 medially and perhaps to No. 2 
laterally. 

No. 6 is similar to No. 4 and placed behind it. 

No. 5 is an extensive flat bone which had No. 9 attached to its median edge and was 
firmly sutured to Numbers 4 and 6 along its lateral edge. Posteriorly, the bone was 
probably firmly attached to the quadrate. 

No. 9 was so fragmented in the specimens studied that the two observers differed 
a good deal in their interpretation of the fragments. It is possibly merely displaced 
fragments of skull bones. 


Polypterus. (Fig. 4.) 

la is a relatively solid bone; it presents an alveolar margin beset with teeth, a 
palatine process and an ascending, dermal, process above the alveolar margin, applied 
to the ethmoid cartilage and articulating with the nasal, the lacrymal and No. 2. The 
palatine lamina is triangular in outline, it is planted directly upon the ventrum of the 
ethmoid cartilage, and sutures with 7a and 8. This palatine lamina is partly covered 
ventrally by the anterior portion of 1b, which is firmly bound to it, but is not actually 
sutured to, or fused with it. 
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1b is a curved flat narrow plate of bone which is bound to the ventral surfaces of 
the palatine laminae of Numbers la and 2. 


No. 2 is a more solid bone than la. It presents an alveolar ridge, a dermal ascending 
process and a narrow palatine lamina. Anteriorly the ascending process is covered by 
certain of the dermal scutes, but posteriorly it comes to lie more superficially and, like 
the ascending process of la, it carries canal organs. In front, No. 2 sutures with la. The 
palatine lamina is sutured to No. 4 in two places.* ‘“Laterally to the anterior of these 
two points, No. 2 is firmly bound to No. 8. In the cheek the posterior part of the ascending 
process sutures flush with dermal cheek plates. 

No. 3 is, of course, the palatine process of 1a. It has been numbered for comparison 
with the greater part of No. 3 in the Teleostei. 


No. 8 is a solid, approximately tetrahedral block of bone which is attached to the 
postero-lateral corner of the ethmoid cartilage. The ventral surface of this bone is 
covered in part by the palatine process of No. 2 and the anterior ends of Numbers 4 and 5 
which are very firmly bound to it. The remainder of the ventral surface presents 
medially to No. 2 between that bone and No. 7a, and is just in front of Numbers 4 and 5. 


No. 4 is an elongated flat plate of bone applied directly to the palato-quadrate 
cartilage. It covers the outer edge and lower, inner, surface to a large extent and the 
upper, outer, surface to a lesser extent. It is sutured to No. 2, as already described, is 
firmly bound to the ventral surface of No. 8, is sutured to No. 5 along nearly the full 
length of its medial edge and posteriorly it is sutured to No. 6. 

Numbers 5 and 6 are also flat bones planted upon the palato-quadrate cartilage. 
They are firmly attached to one another and to No. 4. No. 6 is also firmly attached to 
the quadrate. 


Lepidosteus. (Fig. 5.) 


The very marked elongation of all the bones in this maxillo-palate, except No. 1, in 
front of the basisphenoid region of the skull, imparts to the whole an apparent 
dissimilarity with other fish maxillo-palates. The dissimilarity is due essentially to 
the elongation of the bones and not to fundamentally changed positions. 

Whilst the hyomandibula still functions as one of the “slings” of the maxillo-palate, 
the whole of the bones are so closely built together, to the dermal shields of the mueh 
elongated snout and to the base of the skull, that it is now almost functionally redundant 
and is reduced in size. 

No. 1 is a dermal ossicle with a narrow alveolar margin beset with teeth, and with 
no obvious palatine process. The ascending process carries canal organs. 

No. 2 is composed of a numerous series of dermal scutes inseparably fused at their 
contactual margins but showing closed suture lines. Each is beset on the alveolar 
margin with small teeth and each has a narrow palatine process which is firmly sutured 
to the lateral edge of No. 4. The dermal scutes all carry canal organs. The canal in 
which these are lodged is continuous from scute to scute along the full length of the 
composite bone. Dorsally bone No. 2 sutures with dermal scutes of the snout. 

No. 4 is a long, narrow, thin splint which extends from No. 1 in front, back along 
the full length of No. 2 and then a little further. Its medial edge sutures with No. 3 
for about one-half its length and for the rest with the lateral edge of No. 5. 

No. 3 is similar to No. 4 but narrower and nearly as long; it sutures with its 
antimere in the mid-line, and along its outer edge with Numbers 4 and 5. 

No. 5, as in the other palates reviewed, is the largest bone of the series. Like the 
other bones in this palate, it is long and narrow. Anteriorly its lateral margin sutures 
with No. 4. Behind that bone the lateral edge of the bone is free. The median edge 
sutures with No. 3 anteriorly and with No. 7a behind that for some distance, and then 
with the outer edge of No. 6. This last is quite a small bone placed between Numbers 5 
and 7a near the posterior end of 5. 


*The gap between this bone and No. 4 between these two points of suture is very similar 
to the gap between the front end of No. 4 and 2 in Husthenopteron which palaeontologists 
believe may have been an internal naris. 
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No. 7a contributes relatively extensively to the median portion of the palate from 
two-thirds of the way back from the tip to the posterior end. 

No. 8 does not appear in this palate at all. i 

Apart from the extraordinary length of this maxillo-palate its most outstanding j 
teature is that the admedian bones are firmly attached to the median elements through- 
out its length 


Amia. (Fig. 6.) 

In Amia the maxillo-palate is slung to the skull in precisely the same way as in the 
great majority of the bony fishes. The relative importance of the hyomandibular and 
ethmo-maxillary fixations is the same as in Teleostei. 

No. 1 differs from No. 1 in Polypterus in that its ascending process is large, the 
palatine lamina is very small, and lateral line canal organs are absent. Like the bone 
in Polypterus, this is planted directly upon the cartilage and to a certain extent its 
ascending process replaces the anterior part of the ethmoid cartilage. The alveolar 
edge is set with teeth. The palatine process is very narrow and does not extend back 
to suture with the anterior end of No. 7a. The bone is sutured to No. 2 along its postero- 
lateral margin. 

No. 2 is planted on the anterior end of the palato-quadrate cartilage, it presents a 
strong alveolar ridge, a narrow palatine plate and a more extensive ascending lamina. 
It is firmly sutured to No. 1 in front by the palatal lamina and alveolar ridge. It is also 
sutured to No. 5 along its median edge and to No. 6 along the posterior edge of the 
palatine lamina and the alveolar ridge. It is firmly bound to No. 5 above it. The 
anterior tip of the maxillary labial bone is wedged into a socket between the alveolar 
ridges of this bone and No. 1. 

No. 1b. Each of these bones is an elongated lamina planted upon the ventral surface 
of the ethmoid cartilage, and extending forward to lie below the narrow palatine process 
of No. 1. Posteriorly they suture with the front end of No. 7a. Anteriorly they are fused 
together and are bound to No. 1a very firmly, but there is no true suture. 

No. 4 is a thick plate of bone which is firmly sutured to Numbers 2, 5 and 6 and 
forms the outer part of the palate. The lateral edge of the bone is free between No. 2 
and its extreme posterior end, where the bone makes a small contact with the quadrate. 

No. 5 is a triangular plate with its median edge free, the lateral edge suturing 
with 2 in front and 4 behind, and the posterior edge sutured to No. 6. 

No. 6 is an irregularly shaped flat bone which is firmly sutured to Numbers 4 and 5 
and to the quadrate. There is an upward and medially-directed process of this bone 
which is firmly bound to the prootic region of the skull. 

Bones 4, 5 and 6 are all carried on the palato-quadrate arch and appear on both 
dorsal and ventral views. Much of the cartilage remains in the adult and is seen in the 
dorsal view between the bones. 

No. 7a is more extensive than in most other fishes, and has ascending processes, 
which cover the myodome antero-inferiorly, and an alisphenoid process which sutures 
with the alisphenoid bone. 

No. 8 is a small ossification on the postero-lateral corner of the ethmoid cartilage; 
it does not present in the palate. 


Teleostei. (Fig. 7.) 


The maxillo-palate is hyostylic and movably jointed to the ectethmoid in front. In 
some forms, e.g., certain mormyrids, the palate is firmly attached along more or less 
of its length to the skull by the firm sutural union of 5 and/or 6 to 7a. This, however, 
is exceptional. The two halves of the palate are usually bound together by a palatine 
fascia which extends across the mid-line below, but bound to, 7a. In some forms the 
palatine fascia is attached to the lateral margin of 7a, which thus appears in the palate, 
at least anteriorly. 

No. 1b + 3 is variable. It may or may not bear teeth. It is always planted on the 
front end of the ethmoid cartilage. It may be a flat bone confined to the ventrum of the 
cartilage, or it may have both palatine and ascending processes. Finally, and this is the 


BY H. LEIGHTON KESTEVEN. 


5.—Lepidosteus (from Parker). 


6.—Amia (from Bridge). 
7.—Hpinephalus (from Kesteven). 


8.—Ceratodus (from Kesteven). 
§.—Lepidosiren (from Bridge). 
Fig. 10.—Trematosaurus (from Watson). 


Fig. 11.—Hryops (from Watson). 
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Fig. 12.—Capitosaurus (from Watson). 


F 
Fig 
Fig. 
Fig 
Fig 


96 THE EVOLUTION OF THE MAXILLO-PALATE, 


commonest form, it is a solid-seeming mass of bone replacing, more or less completely, 
the anterior part of the cartilage. This form is, however, very seldom absolutely solid, 
and in the majority of instances, it is a hollow shell presenting smooth unbroken surfaces 
antero-superiorly, ventrally and laterally, but more or less open posteriorly where its 
edges suture with 7a ventrally, 8 laterally and with the mesethmoid and/or dermal 
scutes dorsally. Of these sutural contacts the constant ones are those with 7a and 8. 

In some of the Teleostei the labial premaxillae and maxillae are not developed, 
e.g., Apodes; in these fishes the bone 1b + 3 functions as the premaxilla (Kesteven, 1926). 

No. 2 is commonly a relatively solid bone, thick at its anterior end, where also it 
usually presents an ascending lamina. The dorsal surface of this thickened anterior end 
is always firmly attached to No. 8, with a joint cavity between the two bones, in all but 
very exceptional instances. The expanded palatine lamina is firmly sutured to the 
lateral margin of No. 5 and posteriorly it most commonly is sutured to the anterior end 
of No. 4. 

No. 5 is the most extensive bone in the palate. It is a long flat bone which is firmly 
sutured to 2, 4 and 6 laterally. It may also be bound to the quadrate between 4 and 6. 
Except in these exceptional instances where the bone is sutured to 7a, its median margin 
carries the attachment of the palatine fascia. 

No. 4 is commonly a curved splint attached along the lateral margins of Numbers 
2 and 5. It may extend back far enough to suture with the quadrate. 

No. 6 is one of the most variable bones in the palate. The only constant relations 
are sutural union with 5 and the quadrate. 

Numbers 5 and 6 give origin to muscles of mastication and respiration and they are 
strengthened by low ridges and flanges on the dorsal surface. 

No. 7a has lateral flanges posteriorly which rise on the lateral wall of the myodome, 
and reach and, in some fishes, cover, the side of the basioccipital and lower otic bones. 

No. 8 is a more or less solid ossification of the postero-lateral corner of the ethmoid 
cartilage. It is sutured to 1b + 3 in front, to the mesethmoid dorso-medially, to the 
prefrontal dorso-laterally, and with the anterior end of 7a ventro-medially. Laterally to 
this last suture it carries the joint area for articulation with No. 2. 

In a majority of the teleosts this bone presents in the palate medially to No. 2. 

Attention is drawn to the fact that throughout the teleostomes this is the bone to 
which the maxillo-palate is attached anteriorly. 


(B). AMPHIBIA. 
1. EUAMPHIBIA. 
Dipnoi. (Figs. 8 and 9.) 


The quadrate, entirely cartilaginous, is attached to the skull by ascending, basal and 
otic processes. There is no maxillary or palatal arch. Living dipnoans are peculiarly 
specialized. They have lost all the bones and cartilages of the maxillary and palatal 
arches, and so little is known about the fossil forms that they throw no light on the 
stages in this loss. 

Bones 1, 2, 4, 5 and 6 are missing altogether. 

No. 3 is a small plate of bone bearing teeth, placed on the ventrum of the ethmoid 
cartilage, an appreciable distance behind its anterior end. 

No. 7a is an extensive plate of bone planted on the central area of the ventrum of the 
skull and extending backwards beyond it. It does not reach so far forward as the bone 
does in the fishes. 

No. 7b is a flat curved splint also planted directly on the ventrum of the skull. Its 
posterior one-third lies below the processus basalis of the quadrate. In Ceratodus it 
sutures with the antero-lateral edge of 7a and meets its antimere in front of that bone 
in a median suture. 

7a and 7b form the floor of the canal for the palatine branch of the facial nerve. 

In Lepidosiren there is a gap between 7a and 7b, the latter extends directly forward 
and then bends inward abruptly to meet its fellow a short distance in front of 7a. 
Stegocephalia. (Figs. 10, 11 and 12.) 
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The suspension is monimostylic. The actual mode of attachment of the quadrate 
to the skull is obscured by the bones investing it. There is, however, every reason to 
believe that ascending, basal and otic processes were present since they are present in 
every living amphibian. The well-developed maxillo-palate was strengthened by an 
antero-laterally directed arm of No. 5, which was firmly sutured to 7a on the ventrum 
of the basisphenoid and extended forward to be sutured to the palatal arch laterally in 
front of the orbit. A further strengthening of the maxillary arcade was effected by a 
quadrato-jugal bone. Anteriorly the palate was attached to the ventrum of the ethmoid 
region of the skull by the paired bones 8. These were sutured to 1, 2 and 4 laterally and 
to 7a medially, and were doubtless firmly attached to the ethmoid cartilage. 

Numbers 1 + 3 and 2 present palatine laminae, alveolar margins and ascending 
dermal processes. 

No. 8 is a plate of bone which is firmly sutured to Numbers 1 + 3, 2, 4 and 7a. 

No. 4 may suture with No. 5 along its median border, but more commonly that 
bone does not reach far enough forward to meet it, in which case the median edge is free, 
and forms part of the lateral boundary of a subocular vacuity between No. 7a and the 
maxillary arch. 

No. 6 is a small plate introduced between the posterior end of No. 2 and No. 5. It 
is not always present. In its absence No. 4 may intervene between 5 and 2 or in some 
forms No. 5 makes sutural union with 2. 

No. 5 is a solid flat bone securely anchored to the base of the cranium and thereon 
suturing with 7a. This bone extends from the skull base, always behind and lateral to 
the subocular vacuity, forward and laterally to suture with Numbers 6, 4 and 2. In 
some forms (¢.g., Hryops, Fig. 11) it is continued forward to meet No. 8. In such case 
it forms the entire outer boundary of the subocular vacuity. No. 5 has a postero-lateral 
ramus, whose size appears to have been decided by the distance of the articular head of 
the quadrate from the skull, for it extends along the ventrum of the body of the quadrate 
to just short of the articular head. 

No. 7a, though an extensive bone, is not as large as in the fishes. 


Coecilians. (Figs. 13 and 14.) 


The maxillo-palate is attached to the skull as in the Stegocephalia. 

Bone No. 6 is absent. 

No. 5 is markedly reduced, all that remains of the bone seen in the stegocephalians 
being the anterior arm. The articular head of the quadrate is attached close to the 
base of the skull, and the posterior end of No. 5 is sutured to No. 7a and the quadrate. 
Anteriorly, 5 sutures with 4. As in the stegocephalians, there is a subocular vacuity 
between 5 and 7a. ; 

No. 7a is a much broader bone than in the fossils. It sutures with No. 8 anteriorly 
and also has a very short suture with 4 just where the post-narial process of that bone 
sutures with No. 8. 

The post-narial process of No. 8 is a constant feature of this bone, which differs 
from that of the fossils in that it extends forward lateral to the post-narial opening. 
In this situation it occupies the place of the palatine lamina of No. 2 in the fossils. 


Urodela. (Figs. 15 and 16.) 


The suspension of the maxillo-palate is similar to that in the other amphibians. 
The bony connection by No. 5 between the posterior end of the arcade and the base of 
the cranium is commonly broken and that between No. 2 and the quadrate is missing. 

Numbers 1 + 3 and 2 are similar to those bones in the other two groups in that 
their ascending processes suture with components of the dermal roof. 

No. 8 is essentially similar to the bone in the other forms. 

No. 4 is reduced in size in most Urodeles, but lies on the ventrum of the ethmoid 
cartilage and still serves as the bone which connects No. 2 to the median pair 8. 

No. 5 is a relatively more expanded bone than in the stegocephalians, but its 
anterior arm does not usually reach either No. 2 or No. 4. Its antero-medial border is 
the lateral boundary of the subocular vacuity. 
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Fig. 13.—Ichthyophis (from Wiedersheim). 
Fig. 14.—Siphonops (from Wiedersheim). 
Fig. 15.—Sieboldia (from Parker). 

Fig. 16.—Triton (from Parker). 

Fig. 17.—Bufo (from Parker). 

Fig. 18.—Baphetes (from Watson). 

Fig. 19.—Orthosaurus (from Watson). 
Fig. 20.—Seymouria (from White). 

Fig. 21.—Parciasauwrus (from Broom). 
Fig. 22.—Procolophon (from Broom). 
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No. 6 is missing. 

No. 7a is similar to the bone in the stegocephalians. 
Anura. (Fig. 17.) ò 

The illustration of the maxillo-palate of Bufo is given rather than omit the group 
altogether. It is not felt that any description of so well-known a type is necessary. 


SAURAMPHIBIA. 
Baphetes (Fig. 18) and Orthosaurus (Fig. 19). 


The whole maxillo-palate was rigidly attached to the skull. The manner of attach- 
ment of the quadrate to the skull is not clear. Watson (1926) identified an 
“epipterygoid”, but he does not state whether this is to be regarded as the homologue of 
the cynodont “epipterygoid” or whether it is the ascending process of the quadrate. 

The most striking feature of the mavxillo-palate of the Embolomeri is the extreme 
reduction, and it may be absence, of No. 7a and its replacement by the two large 7) 
bones. The result is so close a resemblance to the primitive type of saurian palate 
that there is little doubt these amphibians belong to the ancestral stock from which 
the Sauria were evolved. 

Bones 1 and 2 are of the amphibian type, that is, narrow, tooth-bearing bones 
practically devoid of palatine laminae. 

The size and position of bones 8, 5 and 6 are essentially as in the stegocephalians, 
but also essentially as in the cotylosaurs. 

Tb is a very extensive bone and, as in primitive reptiles, it meets its antimere in a 
median suture. 


(C). SAURIA. 
1. REPTILIA. 
Cotylosauria. (Figs. 20, 21 and 22.) 


In Seymouria (Fig. 20), according to White (1939), the bone Ta is present fused to 
the basisphenoid. 

7b is a very extensive bone which, as in all but specialized reptiles, meets its fellow 
in a median suture. In Parciasaurus (Fig. 21) No. Ta has been described, 7b is much 
less extensive. Numbers 4 and 5 suture with the lateral edge of Tb in Seymouria. These 
two bones suture with the front margin of the smaller 7b in Parciasaurus. Bone 8 is 
relatively more extensive in Parciasaurus. 

In Procolophon (Fig. 22) No. Ta has been described and 7b is still further reduced. 
Numbers 1 + 3 and 2 have both extensive palatine laminae and 4, 5 and 8 are corres- 
pondingly reduced. 

The development of palatine laminae of bones 1 and 2 in so primitive a reptile as 
Procolophon is particularly interesting, because the continued increase in those laminae 
leads to that reduction of other bones of the palate seen in process in the cynodonts and 
completed in the Theria. 


Chelonia. (Figs. 23, 24 and 25.) i 

Numbers 1 + 3 and 2 are essentially similar bones. Each presents a strong alveolar 
ridge and palatine and ascending processes. The palatine process is variable in extent 
but is always well developed. These processes are firmly sutured to No. 8, but posteriorly 
No. 4 lies between § and the palatine process of 2. 

No. 8 is always very strongly developed. It lies between the pair of bones No. 4 and 
commonly extends forward to suture with both 1+3 and No. 2. Posteriorly it sutures 
with No. 7b. The bone lies between the two post-narial passages and sutures 
with both frontal and prefrontal bones dorsally. It may present two palatine surfaces, 
one anterior to the choanae, the other posterior thereto. This bone is the ‘“corner- 
stone” which binds the maxillo-palatal arch together and anchors it to the skull 
medially. In some forms the bone is largely covered ventrally by the palatine processes 
of No. 2 and by No. 4. 

No. 4 is a thick plate of bone which connects No. 2 to No. 8 and supplies an 
extensive area of the palate between these bones. Exceptionally No. 4 meets its 
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Fig. 23.—Chelone (from Kesteven). 

Fig. 24.—Chelone (from Kesteven). 

Fig. 25.—Carettochelys (from Kesteven). 

Fig. 26.—Crocodilus (from Kesteven). 

Fig. 27.—Crocodilus (from Kesteven), 

Fig. 28.—Tiliqua (from Kesteven). 

Fig. 29.—Amphisbena (from Wiiliston). 

Fig. 30.—The Snake (from Parker and Bettany). 
Fig. 31.—Hyperodapedon (from Williston). 
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antimere in a median suture, in which case it covers the posterior part of No. 8. 
Typically No. 4 provides part of the floor of the post-nasal passage, most of the side 
wall and part of the roof as well. 

Numbers 5 and 6 are missing. 

No. 7b. In Chelone midas the two bones occupy the situation of 7a in the 
Euamphibia. Hach is a relatively thick flat bone sutured directly to the ventrum of the 
basisphenoid bone, and extending forward along the base of the skull below the orbit 
to suture with Numbers 4 and 8, and in some other species, with the palatine process of 
No. 2. Dorsally these bones may suture also with the antero-medial corner of the 
prootic bone. On either side of the rostrum basisphenoidei they commonly develop an 
alisphenoid lamina which sutures with a downwardly-projecting alisphenoid lamina of 
the parietal, and with the epipterygoid bone. The postero-lateral portion of the bone 
lies below and sutures with the body and basal process of the quadrate. Typically the 
two bones meet in a median suture for the greater part of their length but in some 
forms, e.g., Carretochelys (Fig. 25) they are separated by nearly the full width of the 
basisphenoid and have the pair of bones No. 4 between them anteriorly, but there is 
never any suborbital or other vacuity between them and the skull base. 


The relation of the nervous palatine facials to this bone will be found to be 
important in later discussion. The nerve lies in a canal, the parabasal canal, which 
commences in and runs through the substances of the basisphenoid bone in its posterior 
portion, and then comes to lie between the ventrum of that bone and the dorsal surface 
of No. 7b. 


Crocodilia. (Figs. 25 and 26.) 


Numbers 1 + 3 and 2 have ascending, alveolar and palatine processes, the last being 
particularly extensive. The whole snout is, of course, much elongated and No. 2 has 
made the largest contribution to the increased length of the maxillo-palate. 


No. 4 is a narrow bone which sutures with its fellow in a median suture, with the 
palatine lamina of No. 2 laterally and with the palatine lamina of No. 7b along the 
posterior margin. Dorsally this pair of bones makes sutural contacts which do not 
appear in the palatal view. Anteriorly they suture with the prevomer and posteriorly, 
along the median palatine suture, they are sutured to the vomerine plate of No. 7b. 


No. 5 is sutured to No. 7b just behind the transpalatine suture, this part of the bone 
being continued backward and slightly dorsally to suture with the quadrate. From the 
suture with No. 7b the bone passes forward and laterally to suture with the posterior 
end of No. 2. A suborbital vacuity is present between the lateral edge of the palatine 
and No. 5. This vacuity extends forward in a bay in the posterior end of the palatine 
lamina, of No. 2. 


No. 7b is a particularly interesting bone. In the adult there is no suture between 
the two halves of the bone. There are three very definite parts to this bone, the body, 
naso-palatine and naso-vomerine processes. The body is triangular in outline, being 
placed directly upon the anterior portion of the ventrum of the basioccipital and the 
whole of the ventrum of the basisphenoid. The lateral parts of the body rise abruptly 
on the sides of the basal bones and each sutures with that part of the quadrate which lies 
below the otocrone. From this body there stands down on each side a nearly vertical 
ridge which curves mediad and, entering the horizontal plane, reaches that from the 
other side in a median suture. Anteriorly the horizontal laminae suture with the 
posterior edges of bones No. 4. The naso-vomerine process commences as a ridge, and 
continuing forward extends further ventrally to provide a complete inter-narial septum 
for the posterior part of those passages. This process sutures with the median palatine 
suture and its anterior edge, which is double (the process is shaped like the letter V), 
sutures with the posterior margin of No. 8 along a line which, commencing behind at 
the ventral edge of the interorbital septum, falls to the dorsal surface of the suture 
between the two No. 4 bones. The trough of the V-shaped portion is filled by the base 
of the interorbital septum. It is stressed that there is no trace of a suture between the 
two halves of the body or the naso-vomerine process. 
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No. 8 does not appear in the palate at all, but it is none the less an important 
component of the maxillo-palate. It has been covered ventrally by that expansion of 
the palatine laminae which has closed and thrown the choanae so far back. It forms 
the inter-narial septum anterior to the naso-vomerine process of No. 7b and extends from 
the roofing bones of the passage to the saggital suture along the dorsal surfaces of No. 4 
and the palatine laminae of No. 2. 


Lacertilia. (Figs. 28 and 29.) 


The typical lacertilian maxillo-palate such as that of Lacerta or Tiliqua (Fig. 28) 
is so well known that its adult form calls for little description. Attention is drawn to 
the fact that there is no subocular vacuity medial to No. 7b and that this bone is 
attached to Numbers 4 and 5 anteriorly, to the quadrate behind, and to the basisphenoid 
by a process which is characteristic of the lacertilians and a few other reptiles. 

No. 8 is reduced in size and is no longer the structurally important feature it is in 
chelonian palates. It is a small squame supporting part only of the nasal organ and 
hardly contributing to either palatal structure or stability. 

No. 4 has, in these palates, assumed the duty of supporting and holding together 
the arch which is performed by No. 8 in chelonians. These two bones are relatively 
solid and they are firmly united together and to Numbers 2, 5 and 70 in the palate and 
to descending processes of the frontal bones dorsally. 

The maxillo-palate of Amphisbena (Fig. 29) differs from the typical lacertilian form 
in several important respects. The most striking of these is that No. 7b is a broad bone 
which has all the relations of the same bone in the chelonians, except that it sutures in 
front, laterally to the suture with No. 4, with No. 5, a bone not present in the chelonian 
palate; also there is no suture with No. 8. 

No. 8 is larger than in the typical lacertilian condition and does serve to some extent 
in strengthening the maxillo-palatal arch, though not to the extent seen in the chelonians, 
There is no gap between No. 7b and the base of the skull as in the lacertilians generally 
and there is no basipterygoid process. 


Ophidia. (Fig. 30.) 

The maxillo-palate of the ophidians is essentially a specialized modification of that 
of the lacertilians, and the embryology of the component bones is essentially the same. 
It is not thought that this mawxillo-palate throws any light upon the evolution of the ` 
therian palate not thrown by the lacertilian condition. No description is offered and 
the palate has been illustrated only to make the series complete. 


Rynchocephalia. (Fig. 31.) 


Sphenodon resembles the Lacertilia in the separation of the two 7b bones and in the 
presence of a basipterygoid process. In Hyperodapedon (Fig. 31) the primitive condition 
is present, these bones meet in a mid-line suture and there is no basipterygoid process. 


2. AVES. 
Emeus. (Fig. 32.) 


Bone 7a is not present. 7b is reduced to a small bone placed medially to the 
processus ascendens quadrati, and articulating with the basis-cranii either through a 
basipterygoid process of the basisphenoid as in Emeus or through a process on the 
presphenoid. In both forms a joint cavity is present at the point of articulation. 
Numbers 1 + 3 and 2 commonly have very extensive palatine processes. No. 8 is 
relatively extensive but is usually not a strong bone. No. 4 is always well developed, 
but Numbers 5 and 6 are never developed. 


MISCELLANEOUS Fossit REPTILES. (Figs. 34, 35, 36, 37 and 38.) 


These have been included because they illustrate variation in the size and position 
of the component bones. There is general agreement that the bones similarly numbered 
are homologous. These mavxillo-palates will not be described, but the drawings are 
reproduced because they provide factual evidence of extreme ranges of variation in the 
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Fig. 32.—Hmeus (from T. J. Parker). 
Fig. 33.—Bauria (from Broom). 


Fig. 34.—Simosaurus (from Williston). 
Fig. 35.—Thaumatosaurus (from Williston). 
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bones—evidence that the maxillo-palate as a whole and in its parts has been exceedingly 
plastic. 


Theriodontia. (Figs. 38 and 39.) 


The most striking feature of the theriodont palate is probably the increase in size 
of the palatine laminae of 1 and 2 and the corresponding reduction in 4 and the even 
greater reduction in 5, and complete loss of No. 6. 

Numbers 1 and 2 do not need description. 

No. 4 in Bauria lies entirely behind and above the choanae, and the nasal passages 

No. 4 in Bauria (Fig. 33) lies entirely behind and above the choanae, and the nasal 
passages are floored by the palatine laminae of 1 and 2. No. 4 sutures with No. 8 and 
with 7b, all three of these bones being in contact with median elements of the skull 
dorsally where these sutural contacts are made. 

No. 8 resembles that bone in the chelonians in that it sutures with Numbers 4 and 70 
above and behind the choanae and with the palatine lamina of 2 on the floor of the post- 
nasal passage. It also resembles the bone in the chelonians in its relation to median skull 
elements dorsally, and in serving as the median support of the palate. 

No. 7b is of the primitive type. 

No. 5 is a small bone which extends between a lateral process of 7b and the 
posterior margin of the palatine process of 2. Medial to the suture with the last bone, 
5 sutures with the postero-lateral corner of 4. 


Cynognathus. (Fig. 39.) 

The anterior portion of this maxillo-palate resembles very closely the chelonian on 
the one hand and the mammalian on the other. 

Bones 1 and 2 both have extensive palatine laminae. 

No. 4 has a narrow palatine lamina, which forms the fioor of the post-nasal passage 
posteriorly and sutures with No. 2 and an ascending lamina, which forms the side wall 
of the post-nasal passage and curves medially to form the roof of the passage and a 
large part of the palate posteriorly to the choane, and in this part sutures with 8, 5 
and 7b. 

No. 8 supplies a narrow area of the roof of the post-nasal passage on either side of 
the mid-line and has a strong vertical lamina which divides the two passages and 
sutures with the median suture between the two No. 4 bones. 

No. 5 is a much reduced bone placed between the antero-lateral corner of 7b and 
the postero-medial edge of No. 2. 

No. 76 shows a very interesting reduction posteriorly. Behind the palatal laminae 
the bone is reduced to a narrow splint, apparently applied to the base of the presphenoid 
bone. 

No. 7a is reduced to a small triangular area on the base of the skull. 


(D). THERIA. 
(Figs. 40, 41, 42 and 43.) 

The maxillo-palates of both the monotremes are very certainly peculiarly specialized, 
but inasmuch as that they are derivable from the. less specialized saurian palate, they 
have been illustrated; one marsupial and one mammalian maxillo-palate are also illus- 
trated, but none of these calls for detailed description. 

The outstanding feature of the maxillo-palate of the Theria, when compared with 
that of the Sauria, is the culmination of certain tendencies which can be recognized in 
the latter. 

Firstly, the whole structure has moved forward relative to the brain case and there 
has been a gradual reduction almost to extinction of the important 7b which contributes 
so largely to the posterior portion of the maxillo-palate. All that remains of the bone is 


Fig. 36.—Machaeroprosopus (from Williston). 

Fig. 837.—Pariotrichus (from Broom). 

Fig. 38.—Ichthyosaurus (from Sollas). 

Fig. 39.—Cynognathus (from Parrington and Westoll, modified). 


Fig. 
Fig. 
Fig. 
Fig. 


40.—Ornithorhynchus (from Kesteven and Furst). 
41.— Echidna. al., see Fig. 40. 
42.—_Thylacinus. al., see Fig. 40. 


3.—Canis. 
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ty., tympanic bulla. 


al., tympanic wing of alisphenoid. 
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a small flange which projects ventrally from the sphenoid region of the skull on either 
side of the posterior end of No. 8. 

No. 5, so important a structural unit in the Amphibia, and serving the same function 
in most saurians, but reduced almost to extinction in the Theriodontia, is no longer 
recognizable but may be present, as suggested by Parrington and Westoll (1940), as the 
ventral moiety of No. 7b in those forms in which the bone ossifies from two centres. 

No. 6 has gone entirely. 

No. 4, though reduced in size, is still an important bone. As in some chelonians and 
cynodonts, it has developed ascending laminae which not only provide part of the lateral 
wall of the post-narial passage, but, being anchored to the skull above, serve, together 
with No. 8, to strengthen the palate. 

No. 8 is always well developed and still serves as the central support of the palate. 

Numbers 1 and 2 have each developed extensive palatine laminae and these four 
constitute practically the whole of the actual palate. 


LITERATURE CITED. 


ALLIS, E. P., 1897.—The Cranial Muscles and Cranial and First Spinal Nerves in Amia calva. 
J. Morph., 12: 487-808. 

Bripce, T. W., 1877.—The Cranial Osteology of Amia calva. J. Anat. Lond., 11: 605-622. 

, 1898.—On the Morphology of the Skull in the Paraguayan Lepidosiren and in other 
Dipnoids. Trans. Zool. Soc. Lond., 14: 325-376. 

Broom, R., 1910.—A Comparison of the Permian Reptiles of North America with those of South 
Africa. Bull. Amer. Mus. Nat. Hist., 28:197-234. 

BRYANT, W. L., 1919.—On the Structure of Husthenopteron. Bull. Buffalo Soc. Nat. Sci., 13: 
1-22. 

De BEER, G. R., 1937.—The Development of the Vertebrate Skull. Oxford Univ. Press. 

EncewortH, F. H., 1935.—The Cranial Muscles of the Vertebrates. Cambridge. 

GREGORY, W. K., 1910.—The Orders of Mammals. Bull. Amer. Mus. Nat. Hist., 27:1-524. 

Koper, J. G., 19382.—Archaic Fishes—Lepidosiren, Protopterus, Polypterus—and their Bearing 
upon Problems of Vertebrate Morphology. Zeitschr. f. Natur. Jena, 67: 419-433. 

KESTEVEN, H., LEIGHTON, 1910.—The Anatomy of the Head of the Green Turtle. Proc. Roy. Soc. 
N.S.W., 44: 368-400. 

, 1918.—The Homology of the Mammalian Alisphenoid and of the Echidna-Pterygoid. 
J. Anat. Lond., 52: 449-466. 

, 1922.—A New Interpretation of the Bones in the Palate and Upper Jaw of the Fishes. 
Ibid., 56: 307-324. 

————.,, 1926.—Contributions to the Cranial Osteology of the Fishes. ii. The Maxillae in the 
Eels and the Identification of these Bones in the Fishes generally. Rec. Aust. Mus., 15 (1): 
132-140. 

, 1931.—The Skull of Neoceratodus forsteri: A Study in Phylogeny. Rec. Aust. Mus., 
18 : 236-265. 

, 1940.—The Osteogenesis of the Base of the Saurian Cranium and a Search for the 
Parasphenoid Bone. Proc. LINN. Soc. N.S.W., 65 (5-6): 447-467. 

5 , 1941.—On Certain Debatable Questions in Cranioskeletal Homologies. Ibid., 66 (5-6): 

293-334. 

, 1942a.—The Ossification of the Avian Chondrocranium with Special Reference to that 
of the Emu. Ibid., 67 (3-4) : 213-237. 

, 19426.—The Ossification of the Basisphenoid and Presphenoid Bones in Melopsittacus. 
Ibid., 67 (5-6) : 349-351. 

, 1942-45.—The Evolution of the Skull and the Cephalic Muscles. Mem. Aust. Mus., 8. 

—————,, and Furst, H. C., 1929.—The Skull of Ornithorhynchus, its Later Development and 
Adult Stages. J. Anat. Lond., 73: 447-472. 

PARKER, T. J., 1895.—On the Cranial Osteology, Classification, and Phylogeny of the 
Dinornithidae. Trans. Zool. Soc. Lond., 13: 373-431. 

PARKER, W. K., 1878.—On the Structure and Development of the Skull in the Urodelous 
Amphibia. Part i. Philos. Trans. Roy. Soc. Lond., Ser. B, 167: 529-597. 

, 1881.—On the Structure and Development of the Skull in the Batrachia. Part iii. 
Ibid., 172: 1-305. 

, 1882a.—On the Structure and Development of the Skull in Sturgeons (Acipenser 
ruthenus and A. sturio). Ibid., 173: 139-185. 

, 1882b.—On the Development of the Skull in Lepidosteus osseus. Ibid., 173: 443-492. 
, and Berrany, G. T., 1877.— The Morphology of the Skull. London. 

PARRINGTON, F. R., and WESTOLL, T. S., 1940.—On the Evolution of the Mammalian Palate. 

Philos. Trans. Roy. Soc. Lond., Ser. B, 230: 305-355. 


Price, L. J., 1935.—Notes on the Brain Case of Captorhinus. Proc. Boston. Soc. Nat. Hist., 40: 
377-386. 


BY H. LEIGHTON KESTEVEN. 107 


SMITH, J. B. L., 1940.—A Living Coelacanthid Fish from South Africa. Trans. Roy. Soc. S. Afr., 
28: 1-106. 

Souuas, W. J., 1916.—The Skull of Ichthyosaurus, studied in Serial Sections. Philos. Trans. 
Roy. Soc. Lond., Ser. B, 208: 63-126. 

TRAQUAIR, R. H., 1871.—On the Cranial Osteology of Polypterus. J. Anat. Lond., 5: 166-183. 

WATSON, D. M. S., 1926.—The Evolution and Origin of the Amphibia. Philos. Trans. Roy. Soc. 
Lond., Ser. B, 214: 189-257. 

WHITE, T. E., 1939.—Osteology of Seymouria baylorensis Broili. Bull. Mus. Comp. Zool. Harv., 
85: 325-409. 

WIEDERSHEIM, R., 1897.—Die Anatomie der Gymnophionen. Jena. 

WILLISTON, S. W., 1925.—The Osteology of the Reptiles. Cambridge (Mass). 


